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Abstract Title: Plastically deforming and radially expanding a tubular member 

An apparatus 700 for radially expanding a tubular member is positioned within a wellbore 10 and 
includes a tubular support member 705 defining a passage 710 for conveying fluidic materials An 
expansion cone 715 defining a passage 720 and having an outer conical surface 725 for radially 
expanding tubular members is coupled to an end of the tubular support member 705. An expansion cone 
launcher 735 is movably coupled to and supported by the expansion cone 715. The expansion cone 
launcher 735 includes an upper portion 735a, an intermediate portion 735b that mates with the expansion 
cone 715. and a lower portion 735c having a lower outer diameter. The expansion cone launcher 735 
further includes a recessed portion 735d having an outer diameter that is less than the lower outer 
diameter. A shoe 740 defining a valveable passage 745 is coupled to the lower portion of the expansion 
cone launcher 735. 
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Background of the Invention 
This invention relates generally to weHbore casings, and in particular to wellbore 
casings that are foimed using expandable tuKng. 

ConventionaHy. when a weVbofe Is created, a number of casings are Installed In 
5 the borehole to prevent coBaps^ of the borehole waU and to prevent undesired outflow 
of drilling fluid into the fpnnation or inflow of fluid from the fonnation into the borehole, 
the borehole Is drilled in intervals whereby a casing which is to be installed in a lower 
borehole ihtereal is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 
10 smaller diameter than the casing of the upper interoal. Thus, the casings are In a 

nested arrangement with casing diameters decreaeing In downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wail to 
seal the casings from the borehole waH; As a consequence of this nested anangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
15 a large borehole diameter Involves increasied costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 

diameters drilled in the course of the well, and the large volume of cuttings drilled and 
20 removed. 

The present invention is directed to overcoming one or more of the fimitations of 
the ejdsUng procedures for forming weBbores. 

Summary of the Invention 
According to one aspect of the invention, an apparatus for plastically defonning 
25 and radially expanding a tubular member is provided that includes means for plastically 
defonning and radially expanding a first portion of the tubular member to a first outside 
diameter, and means for plastically defomiing and radially expanding a second portion 
of the tubular member to a second outside diameter. 

According to another asped of the present invention, an apparatus for plastically 
30 defonning and radially exjianding a tubular member is provided that includes a tubular 
support member including a first fluid "passage, an acpansion cone coupled to the 
tubular support member having a second fluid passage fluididy coupled to the first fluid 
passage and an outer conical surface, a removable annular conical sleeve coupled to 
the outer conical surface of the expansion cone, an annular expansion cone launcher 
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coupled to the conical sleeve and a lower portion of the tubular ff\ewbet. and a shoe 
having a valveable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present Invention, a method of ptestically 
deforming and radially expanding a tubular rriember is provided that includes plastically 
5 defonningafK)iadially.expanding a portion of the tutalarrneri^ 

diarneter. and plastically deforining and radially expanding another portion of t^ 

tubular memt>er to a second outside diameter. 

According to another aspect of the present Invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes plastically 
10 defomiing and radially expanding a first portion of the first tubular member to a first 

outside diameter, plastically deforming and radially expanding aiwther portion of the 
first tubular member.to a second outside diatneter. positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular rriember. plastically defomiing and radially expanding the second tubular 
15 member to a third outskJe diameter, and plastically deforming and radially expanding 
the second tubular merrier to a fourth outside diameter. The inside diameters of the 
flrstand second tubular members afterthe plastic deformations and radial expansions 
are substantially equal. 

According to another aspect of the present invenSbn. an apparatajs fortXKiplIng a 
20 first tubular member to a second tubular mernber is provided that includes means for 
plastically defomiing and radially expanding a first portion of the first tubular member to 
a firet outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a'seoond outside diameter, means for positioning 
the second tubular member inside the first tubular member in overiapping relation to 
25 the first portion of the first tubular member, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and 
. mcjnc for plasti^lly H^fnmiing anri radially ex pandino the second tubular member to a 



fourth outside diameter. The Inside diameters of the first and second tubular members 
after the plasfic deformations and radial expansions are substarttiaBy equal. 
30 According to another aspect of the present Invention, an apparabis for forming 

a wellbore casing vnlhin a vrellbore is provided that includes means for supporting a 
Uibular member within the wellbore. means for plastically deforming and radially 
expanding a first portion of the tubular member to a first outside diameter, and means 
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for plastically deforming arKJ radially expanding a second portion of the tubular member 
to a second outside diameter. 

According to another aspect of the present invention, an apparatus for fomiing 
a wellbore casing within a wellbore is provided that indudes a tubular support member 
5 indudtfig a first fluid passage, an expansion cone coupled to the tubular support 
member having a second fluid passage fluidldy coupled to the first fluid passage and 
an outer conical surface, a removable annular conical sleeve coupled to the outer 
conical surface of the expansion cone, an annular expansion cone launcher coupled to 
the conical sleeve and a lower portion of the tubular member, and a shoe having a 
10 valveable passage coupled to an end of the expansion cone launcher. 

According to anottier aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes supjx)rting a tubular member 
within a wellbore. plasticafly deforming and radially expanding a portion of tfie tut>ular 
member to a first outside diameter, and plastically deforming and radially expanding 
1 5 another portion of ttie tubular member to a second outside diameter. 

According to anottier aspect of the present invention, a method of forming a 
mono-diameter wellbore casing within a wellbore is provided ttiat includes supporting a 
first tubular member witiiin ttie wellbore. plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, plastically defomning 
20 and radially expanding anottier portion of the first tubular member to a second outside 
diameter, positioning ttie second tubular member inside the first tubular member In 
overlapping relation to tiie first portion of the first tubular member, plastically deforming 
and radially expanding ttie second tubular member to a ttiird outside diameter, and 
plastically defomiing and radially expanding the second tubular member to a fourtti 
25 outside diameter. The inside diameters of ttie first and second tubular members after 
ttie plastic deformations and radial expansions are substantially equal. 

According to anottier aspect of ttie present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided ttiat indudes means for 
plastically defonrtng and radially expanding a first portion of ttie first tubular member to 
30 a first outside diameter, mearisfor plastically defomning and radially expanding anottier 
portion of ttie first tubular member to a second outside diameter, means for positioning 
ttie second tubular member Inside ttie first tubular member in overlapping relation to 
the first portion of the first tubular member, means for plastically deforming and radially 
expanding ttie second tubular member to a ttiird outside diameter, and 
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means for plastically deforming and radially expanding the second tubular mewbet to a 
fourth outsWe diameter. The inside^iameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 
According to another aspect of the present Invention, an apparatus for 
5 plastically deforming and radially expandlrig a tubular member is provided that Include 
means for providing a lipped portion In a portion of the tubular member, and ineans for 
plastically defonning and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that includes 
10 a tul)ular support member including a first fluid passage, an expansion cone coupled to 
the tubular support member having a second fluid passage fluldidy coupled to the first 
fluid passage and an outer conical surface, an annular expansion cone launcher 
including: a first annular portion coupled to a lower portion of the tubular member, a 
second annular portion coupled to the first annular portion that mates wHh the outer 
15 conical surface of the expansion cone, a third annular portion coupled to the second 
annular portion having a first outside diameter, and a fourth annular portion coupled to 
the third annular portion having a second outside diameter, wherein the second outside 
diameter is less than the first outside diameter, and a shoe having a valveable passage 
coupled to fourth annular portion of the expansion cone launcher. 
20 According to another aspect of the present invention, a method of plastically 

deforming and radially expanding a tubular member Is provided ttiat includes providing 
a lipped portion in a portion of tt« tubular member, and plastically defomiing and 
radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
25 first tubular member to a second tubular member is provided that includes providing a 
lipped portion In a portion of the first tubular member, plastically deforming and radially 

expandingamtheF^rtion-of4he4irst4ubula r m ft mher . posit i oning the second tubular 

member inside the first tubular member in overiapping relation to the lipped portion of 
the first tubular member, and plastically defonning and radially expanding the second 
30 tubular member. The Inside diameters of the first and second tubular meinbers after 
the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present Invention, an apparatus for coupling 
a firet tubular member to a second tubular member Is provided that includes means for 
providing a lipped portion in the first tubular merrtoer. means for plastically deforming 
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and radially expanding another portion of the first tubular meml>er, means for 
positioning the second tubular member inside the first tubular rnember in overlapping 
relation to the lipped portion of the first tubular member, and means for piastically 
defonning and radially expanding the second tubular member. The inside diameters of 
the first and second tubi^r members after the plastic deformations and radial 
expansioris are substantially equal. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a wellbore Is provided that includes means for supporting a 
tubular member within thfe wellbore, means for providing a lipped portion in the tubular 
member, and means for plastically defonmirig and radially expanding another portion of 
the tubular member to a second outside diameter. 

According to another aspe<^ of the present invention, an apparatus for fomning 
a wellbore casing within a wellbore is provided that tndudes a tubular support member 
including a first fluid passage, an expansion cone coupled to the tubular support 
member having a second fluid passage ftuididy coupled to the first fluid passage and 
an outer conical surface, an annular expansion cone launcher Including: a first annular 
portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a third annular portion coupled to the second annular portion having a 
first outside diameter, and a fourth annular portion coupled to the third annular portion 
having a second outside diameter, wherein the second outside diameter is less than 
the first outside diameter, and a shoe having a valveable passage coupled to fourth 
annular portion of the expansion cone launcher. 

According to another aspect of the present invention, a method of fonming a 
wellbore casing in a wellbore is provided that includes supporting a tubular member 
within the wellbore, providing a lipped portion in a portion of the tubular member, and 
plastically deforming and radially expanding another portion of the tubular member. 
According to another aspect of the present invention, a method of fomfung a 
mono-diameter wellbore casing within a wellbore is provided that includes supporting a 
first tubular member within the wellbore, providing a lipped portion in a portion of the 
first tubular member, plastically deforming and radially expanding another portion of the 
first tubular member, positioning the second tubular n>ember inside the first tubular 
member In overlapping relation to the lipped portion of the first tubular member, and 
piastically defonming and radially expanding the second tubular member. The inside 
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diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for forming 
a mono<Jiameterwellbore casing wHWn a wellbore is provided that includes means for 
5 providing a ipped portion in the first tubular merrtbefi meansfa plastically deforming 
and radially expanding another portion of the first tubular member, means for 
positioning the second tubular member inside the first tubular meml>er in overiapping 
relation to the lipped portion of the first tubular member, and means for plastically 
defomiing and radially expanding the second tubular member. The inside diameters of 
1 0 the first and second tubular members after the plastic defomiations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plastically defomting and radially expanding a tubular member is provided that Includes 
means for plastically defomning and radially expandirig a first end of the tubular 
15 member, and means for plastically defomwg and radially expanding a second end of 
the tubular member. 

According to another aspect of ttie present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that includes 
a tubular support member including a first passage, an expansion cone coupled to the 
20 tubular support having.a second passage fluidicly coupled to the first passage and an 
outer conical surface, an annular expansion cone launcher movably coupled to outer 
conical surface of the expansion cone, an expandable tubular nuember coupled to an 
end of the annular expansion cone launcher, a shoe coupled to another end of the 
annular expansion cone launcher having a valveable fluid passage, and another 
25 annular expansion cone movably coupled to the tubular support member. The annular 
expansion cones are positioned In opposite orientations. 

— Arr^'rp ''""thpr as pect of the present invention, a method of plastically 

deforming and radially expanding a tubular member Is provided thai includes plastically 
defomiing and radially expanding a first end of the tubular member, and plastically 
30 defomiing and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
. first tubular member to a second tubular member is provided that includes positioning 
the second tubular member inside the first tubular member in an overlapping 
relationship, plastically defomiing and radially expanding the end of Ihe second tubular 
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member that overlaps with the first tubular member, and plastically defomfiing and 
radially expanding ttie remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubularmember to a second tubular member is provided that includes means for 
positioning the second tubular member inside the first tubular member in an 
overiapping relationship, means for plastically deforming and radially expanding the 
end of the second tubular member that overlaps with the first tubular member, and 
means for plastically deforming and radially expanding the rennaining portion of the 
secpnd tubular memt)er. 

According to another aspect of the present invention, an apparatus for fonning 
a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular member within the wellbore, means for plaisticaliy deforming and radially 
expanding a first end of the tubular member, and means for plasticany deforming and 
radially expanding a second end of the tubular member. 

According to another aspect of the present invention, an apparatus for fonning 
a wellbore casing within a wellbore is provided that includes a tubular support member 
including a first passage, an expansion cone coupled to the tubular support having a 
second passage flurdidy coupled to the first passage and an outer conical surface, an 
annular expansion cone launcher movably coupled to outer cpnical surface of the 
expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular expansion 
cone launcher having a valveable fluid passage, and another annular expansion cone 
movably coupied to the tubular support member. The annular expansion cones are 
positioned in opposite orientations. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes plastically defonning and 
radially expanding a first end of the tubular member, and plastically defonming and 
radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of fonning a 
wellbore casing within a wellbore is provided that includes plastically deforming and 
radially expanding a first tubular member within ttie wellbore. positioning a second 
tubular merrtber inside ttie first tubular member in an overlapping relationship, 
plastically defonning and radially expanding the end of the second tubular member thai 
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overlaps with the first tubular member, and plastically deforming and radially expanding . 
the remaining portion of the second tubular member. 

According lb another aspect of the present invention, an apparatus for forming 
a wellbore casing within a wellbore is provided that Includes n^ans for plastically 
5 defomning and radially expanding a first tubular member within the wellbore. means for 
posltioninig the second tubular member inside the first tubular member in an 
overlapping relationship, means for plasfically deforming and radially expanding the 
end of the second tubular member that overlaps with the first tubular member, and 
means for plastically defomiing and radially expanding the remaining portion of the 
10 second tubular member. 

According to another aspect of the present invention, an apparatus for bridging 
an axial gap between opposing pairs of wellbore casing within a wellbore is provided 
that includes means for supporting a tubular member in overlapping relation to the 
opposing ends of the wellbore casings, means for plastically deforming and radially 
15 expanding the tubular member, and 

means for plastically deforming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

According to another aspect of the present invention, a method of bridging an 
axial gap between opposing pairs of wellbore casing within a wellbore is provided that 
20 includes supporting a tubular nriember in overiapping relation to the opposing ends of 
the wellbore casings, plastically deforming and radially isxpanding the tubular member, 
and plastically deforming and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

According to another aspect of the present invention, a method of forming a 
25 structure having desired strength characteristics is provided that includes prov^ing a 
first tubular member, and plastically deforming and radially expanding additional tubular 

m^mb*>r^ n pfn thP> interior stjrfap Q of the first tubular member until the desired strength 

characteristics are achieved. 

According to another aspect of the present invention, a method of formirig a 
30 wellbore casing within a wellbore having desired strength characteristics is provided 
that includes plastically deforming and radially expanding a first tubular member within 
the wellbore, and plastically defomoing and radially expanding additional tubular 
members onto the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 
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According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member, the first tubular member having an 
onginai outside diameter ODq and an original wall thickness to. is provided that includes 
plastidalty deforming and radially expanding a first portion of the first tubular member to 

5 a first outside diameter, plastically defonming and radially expanding another portion of 
the first tubular member to a second outside dianneter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically deforming and radiaOy expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding 

10 the second tubular memt^er to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are sut)stantialty equal, and the ratio of the original outside diameter ODq of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. 

1 5 , According to another aspect of the present invention, a nnethod of fomiing a 

mono-diameter wellbore casing is provided that includes positioning a first tubular 
member within a wellbore. the first tubular member having an original outside diameter 
ODo arKl an original wall thickness to, plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, plastically deforming 

20 and radially expanding another portion of the first tutHJiar member to a seoond outside 
diameter, positioning the second tubular member inside the first tubular member in 
overiapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a third outskJe diameter, and 
plastically defomning and radially expanding the second tubular member to a fourth 

25 outside diameter. The inside diameters of the first and seomd tubular nnembers after 
the plastic deformations and radial expansk>ns are substantially equal, and the ratki of 
Uie original outside diameter ODo of the first tubular member to the original wall 
thickness to of the first tubular member is greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is provided 

30 that includes a plastically deformed and radially expanded tubular member having a 
first portion having a first outside diameter and a remaining portion having a second 
outside diameter. The ratio of the original outskJe diameter ODo of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. . . 
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According to another aspect of the present invention, an apparatus is provided 
that includes a plastically defomied and radially expanded first tubular niember having 
a first portion having a first outside diameter and a remaining portion having a second 
outside diameter, and a plastically deformed and radially expanded second tubular 

5 member coupled to the first portion of the first tubular member. The ratioof the original 
outside diameter ODo of the first tubular member to tte origirwl wall thickness to of the 
first tubular member IS greater than or equal to 16. 

According to another aspect of the present invention, a wellbore casing formed 
in a wellbore is provided that includes a plastically defonned and radially expanded first 

10 tubular member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically deformed and radially 
expanded second tubular member coupled to the first portion of the first tubular 
member. The ratio of the original outside diameter ODo of the first tubular member to 
the original wall thickness to of the first tubular member is greater than or equal to 16. 

1 5 According to another aspect of the present invention, an apparatus is provided 

that includes a plastically deformed and radially expanded tubular member. The ratio 
of the original outside diameter ODq of the tubular member to the original wall thickness 
to of the tubular member is greater than or equal to 16. 

Brief Description of the Drawings 

20 Fig. 1a is a cross sectional illustration of a wellbore including a preexisting 

wellbore casing. 

Rg. lb is a cross-sectional illustratbn of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. la. 

Fig. 1c Is a cross-secfional tilustratipn of the injection of flutdic materials through 
25 theapparatusof Rg. lb. 

Fig. 1d is a cross-sectional lllustrafion of the injection of hardenable fiuidic 

seaiing-materials^hrough ttie apparatus of Fig^ 1c. ; , 

Fig. le is a cross-sectk>nal illustration of the pressurization of the region below, 
the expansfon cone of the apparatus of Fig, Id. 
30 Fig. If is a cross-secfional iltustrafion of the continued pressurization of the 

region below the expansion cone of the apparatus of Fig. 1e. 

Rg. 1g is a cross-sectional illustration of the continued pressurization of the 
region betow the expansfon cone of the apparatus of Fig. If following the renKJval of 
the over-expanston sleeve. 
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Fig. 1 h is a aoss-seclipnal illustration of the completion of the radial expansion 
of the expandable tubular niember of the apparatus of Bg. 1g. 

Fig. 1 Us a cross-sectiohal illustration of the drilling put of a new section of the 
welttx>re below the apparatus of Fig. 1h. 

Fig. 1j Is a cross-sectional fltustratlon of the radial expansion of another 
expandable tubular mernber that overlaps with the apparatus of Fig. 1i. 

Fig. Ik is a cross-sectional illustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Fig. 11. 

Fig. 11 is a cross-sectional illustration of the completion of the secondary radial 
expansion of the other expandable tubular member of Fig. Ik to fomi a mono-diameter 
wellbore casing. 

Fig. 2a is a cross secttonal illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 2b is a cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Rg. 2a. 

Fig. 2c is a cross-sectional illustration of the injectwn of fluidic materials through 
the apparatus of Fig. 2b, 

Fig. 2d is a aoss-sectional illustration of the injection of hardenable flukiic 
sealing materials through the apparatus of Fig. 2c. 

Fig. 2e is a cross-sectional illustration of the pressurization of the region below 
the expansion cone of the apparatus of Rg. 2d. 

Rg. 2f IS a cross-sectfonal illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 2e. 

Fig. 2g is a cross-sectional illustration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Rg. 2f. 

Fig. 2h is a cross-sectional illustration of the drilling out of a new section of the 
wellbore below the apparatus of Fig. 2g. 

Fig. 2i Is a cross-sectional illustratton of the radial expansion of another 
expandable tubular member that overiaps with the apparatus of Fig. 2h. 

Rg. 2j Is a cross-sectional illustralton of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Fig. 2i. 

Rg, 2k is a cross-sectional illustration of the completion of the secondary radial 
expansion of the other expandable tubular member of Rg. 2] to fom a mono-diameter 
welltx}re casing. 
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Fig. 3 is a cross-seclional illustration of the apparatus of Fig. 2b illustrating the 
design and construction of the over-expansion insert. 

Rg. 3a is a cross-sectional illustration of an alternative embodiment of the over- 
expansion insert of Fig. 3. 

Rg. 4 is a cross-sedional illustration of an alternative embodiment of the 
apparatus of Rg. 2b Including a resifent hook for retrieving the over-expansion insert 

Fig. 5a is a cross-sectional illustration of a weilbore tnduding a preexisting 
wellbore casing. 

Fig. 5b Is a cross-sectional illustration of ttve fonrotion of a new section of 
wellbore casing in the wellbore of Fig. 5a. 

Fig. 5c is a fragmentary cross-sectional illustration of the placement of an 
inflatable bladder into the new section of the wellbore casing of Fig. 5b. 

Fig. 5d is a fragmentary cross-sectional illustration of the inflation of the 
inflatable bladder erf Rg. 5c. 

Rg. 5e is a cross-sectional illustration of the new section of wellbore casing of 
Rg. 5d after over-expansion. 

Rg, 5f Is a cross-sectional illustration of the new section of wellbore casirig of 
Fig. 5e after drilling out a new section of the wellbore. 

Fig. 5g is a cross-sectional illustration of the formation of a morKMliameter 
wellbore casing that includes the new section of the wellbore casing and an additional 
section of wellbore casing. 

Fig. 6a is a cross-sectbnal illustration of a wellbore including a preexisting 
wellbore casing. 

Rg. 6b is a cross-sectional illustration of the formation of a new section of 
wellbore casing in the wellbore of Rg. 6a. 

Fig. 6c is a fragmentary cross-sectional illustration of the placement of a roller 
raH i a i ^ft^ antsinn rfftvtrp inin thf> nfiw sAcfinn o f the weilbore caslnq of Fig. 6b. 

Rg. 6d is a cross-sectional illustration of the new section of wellbore casing of 
Rg. 6c after over-expansion. 

Rg. 6e is a cross-sectional illustration of the new section of wellbore casing of 
Fig. 6d aifter drilling out a new section of the wellbore. 

Fig. 6f Is a cross-sectional illustration of the fonmation of a mono-diameter 
wellbore casing that includes the new section of the wellbore casing and an additional 
section of wellbore casing. 
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Fig. 7a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 7b is a cross-secttionat illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. 7a 

Fig. 7c te a cross-sedional illustration of the injecGon of fluidic materials through 
the apparatus of Fig. 7b. 

Fig. 7d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 7c. ~ 

Fig. 7e is a cross-sectional illustration of the pressurization of the region below 
the expansion cone of the apparatus of Fig. 7d. 

Fig. 7f te a cross-sectional illustration of the continued pressurization of the 
region below ti>e expansion cone of tiie apparatus of Fig. 7e. 

Fig. 7g is a cross-sectional illustration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Fig. 7f. 

Fig. 7h is a cross-secttonal illustration of the drilling out of a new section of the 
wellbore t)eiow the apparatus of Fig. 7g. 

Fig. 7i is a cross-sectional illustration of the completion of the radial expansion 
of another expandable tubular member to form a mono-diameter wellbore casing. 

Fig. 8a is cross-sectional illustration of an wellbore including a preexisting 
section of wellbore casing having a recessed portion. 

Fig. 8b is a cross-sectional illustration of the placement of an apparatus for 
radially expanding a tubular member within the wellbore of Rg. 8a. 

Fig. 8c is a cross-sectional illustration of the injection of fluidic materials ttirough 
the apparatus of Fig. 8b. 

Fig. 8d is a cross-sectional illustration of the injection of a hardenable fluidic 
sealing material through the apparatus of Fig. 8c. 

Fig. 8e is cross-sectional illustration of tiie isolation of the region below ttie 
expansion cone and wittiin the expansion cone launcher of the apparatus of Fig. 8d. 

Fjg. 8f is a cross-sectional illustration of the plastic defonnation and radial 
expansion of ttie upper portion of ttie expandable tubular mennber of tiie apparatus of 
Fig. 8e. 

Fig. 8g is a cross-sectional illustration of .ttie removal of the upper expansion 
cone from ttie wellbore of fig. 8f. 
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Fig. 8h is a cross-sectional Illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 8g to thereby plastically 
deform and radially expand the expansion cone launcher and expandable tubular 
mervbei. 

6 Fig, 8ils a cross-sectional illustrafon of the completion of the initial radial . 

expansion process of the apparatus of Rg. 8h. 

Fig. 8j is a cross-secBpna! illustration of the further radial expansion of the 
apparatus of Fig. 81 In order to form a monondiarifieter welibore casing. 

Fig. 9a is a cross-sectibnal illustration of a welibore including upper and lower 
1 0 preewsting welibore casings that are separated by ah axial gap. 

Fig. 9b is a aoss-sedional illustration of the coupling of a tubular member to 
the opposing ends of the welibore casings of Fig. 9a. 

Fig. 9c is a fragmentary cross-sectional illustration of the placement of a radial 
expansiondeviceintothetubularmemberof Fig. 9b. 
15 Rg. 9d is a fragmentary cross-sectional illustration of the actuation of the radial 

expansion device of Fig. 9a 

Fig. 9e IS a cross-sectional of a mono-diameter welibore casing generated by 
the actuation of the radial expansion device of Fig. 9d. . 

Fig. 10 is a cross-sectional illustration of a mono-diameter welibore casing that 
20 includes a plurality of layers of radially expanded tubular members along at least a 
portion of the its length. 

Fig. 11a is a cross-sectional illustration of a welibore induding a casing fomned 
by plastically defomiing and radially expanding a first tubular member. 

Fig. 1 1 b IS a cross-sectional ilHistratfon of a welibore including another casing 
25 coupled to the preexisting casing by plastically defonming and radially expanding a 
second tubular memt)er. 

Fig. 1 1r k a rm<;s-si>ntional illustration of a mono-dlameter welibore casing 

fonned by radially expanding the second tubular member a second time. 

Detailed De^ption 

30 Several embodiments of methods and apparatus for forming a nrorio-diameter 

welibore casing are disclosed. In several alternative embodiments, the mettiods and 
apparatus may be used for form or repair mono-dlameter welibore casings, pipelines, 
or structural supports. Furthermore, while the present illustrative embodirDents are 
described with reference to the fonnation of mono-diameter welibore casings, the 
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teachings of the present disclosure have general application to the fonmalion or repair 
of welibore casings, pipelines, and structural supports. 

Referring Initially to Fig. la. a weflbore 10 includes a preexfeting welibore 
casing 15. The welibore 10 may be oriented In any orientation from the vertical to the- 
horizontal The preexisting welibore casing 15 may be coupled to the upper portion of 
the welibore 10 using any number of conventional methods. In a prtferred 
embodiment, the welibore casing 1 5 is coupled to the upper portion of the welibore 1 0 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (1 ) U.S. patent application serial no. 09/454,1 39, attorney docket no. 
25791 .03.02. filed on 1 2/3/1 999. (2) U.S. patent application serial no. 09/510,91 3. 
attomey docket no. 25791.7.02, filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502.350, attomey docket no. 25791.8.02. filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440,338, attomey docket no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523,460, attomey docket no. 25791.1 1.02, filed 
on 3/10/2000. (6) U.S. patent application serial no. 09/512,895, attomey docket no. 
25791 .1 2.02. filed on 2/24/2000. (7) U.S: patent application serial no. 09/51 1 ,941 , 
attomey docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial 
no. 09/588.946. attomey docket no: 25791 .1 7.02. filed on 6/7/2000. (9) U.S. patent 
application serial no. 09/559,122, attomey docket no. 25791.23.02. filed on 4/26/2000. 
(10) PCT patent application serial no. PCT/USOO/1 8635, attomey docket no. 
25791 .25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162,671, attomey docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional 
patent application serial no. 60/1 54,047. attomey docket no. 25791 .29. filed on 
9/1 6/1 999. (1 3) U.S. provisional patent application serial no. 60/1 59.082, attomey 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial 
no. 60/159.039, attomey docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent aipplication serial no. 60/159.033. attomey docket no. 25791.37, filed 

on 10/12/1999. (16> U.S. provisional patent application serial no. 1_, 

attomey docket no. 25791 .38, filed on 6/19/2000, (17) U.S. provisional patent 
application serial no, 60/165,228, attomey docket no. 25791.39, filed on 11/12/1999, - 

(18) U.S. provisionai patent application serial no! . attomey docket no. 

25791.45. filed on 7/28/2000. (19) U.S. provisional patent application serial no. 

attomey docket no. 25791.46. filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. attomey docket no. 25791 .47, 
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filed on 9/18/2000. the disclosures of which are incorporated herein by reference. 
More generally, the preexisting wellbore casing 15 may be coupled to another 
preexisting wellbore casing and/or may Include one or more concentrically positioned 
tubular members. 

Referring to Fig. lb. an apparatus 100 for radially expanding a tubular member 
may then be positioned within the wellbore 10. The apparatus 100 Includes a tubular 
support member 105 defining a passage 1 10 for conve^ng fluWic materials. An 
expansfon cone 115 defining a passage 120 and having an outer conical surface 125 
for radially expanding tubular members Is coupled to an end of the tubular support 
rhember 105. An annular conical over-expansion sleeve 130 mates with and is 
removably coupled to the outer conical surface 1 25 of the expansion cone 115. In 
several alternative embodiments, the over-expansion sleeve 130 is fabricated from 
frangible materials such as. for example, ceramic materials, in order to facilitate the . 
removal of the over-expansion sleeve during operation .of the apparafejs 100. In this 
manner, the amount of radial expansion provided by the apparatus may be decreased 
following the removal of the over-expansion sleeve 130. 

An expansion cona launcher 135 Is movably coupled to and supported by the 
expansion cone 1 15 and the over-expansion sleeve 130. The expansion cone 
launcher 135 include an upper portion having an upper outer diameter, an intermediate 
portion that mates with the expansion cone 115 and the over-expansion sleeve 130. an 
a lower portion having a lower outer diameter. The lower outer diameter is greater than 
the upper outer diameter: A shoe 140 defining a valveable passage 145 is coupled to 
the lower portion of the expansion cone launcher 135. In a preferred embodiment, the 
valveable passage 145 may be controllabty dosed in order to fluididy isolate a region 
150 below the expansion cone 115 and bounded by the lower portion of the expansion 
cone launcher 135 and the shoe 140 from the region outside of the apparatus 100. 

— An e xpa n dab le tubu lar m e m ber 1 55 in c o u p l ed to the u pp er portion of the 

expansion cone launcher 135. One or more sealing members 160a and 160b are 
coupled to the exterior of the upper portion of the expandable tubular member 155. In 
several altemath/e embodiments, the sealing members 160a and 160b may include 
elastomedc elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for. or used 
in addition to. the sealing members 160a and 160b. 
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In a preferred embodiment, the support memt}er 105, the expansion cone 115, 
the expansion cone launcher 135, the shoe 140. and the expandable tubular mennber 
155 are provided substantialty as disdosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454.139. attomey dodcet no. 25791.03.02. filed on 
5 12/3/1999. (2) U.S. patent applk^fion serial no. 09/510.913. attomey docket no. 
25791 .7.02. filed on 2/23/2000, (3) U.S. patent application serial no. 09/502.350, 
attomey docket no. 25791.8.02. filed on 2/10/2000. (4) U.S: patent application serial 
no. 09/440.338, attomey docket no. 25791.9.02, filed on 11/15/1999. (5) U.S, patent 
application serial no. 09/523.460. attomey docket no. 25791.11,02. filed on 3/10/2000. 
0 (6) U.S. patent application serial no. 09/512,895. attomey docket no. 25791.12.02, filed 
on 2/24/2000, <7) U.S, patent application serial no. 09/51 1 ,941 . attomey docket no, 
25791.16.02, filed on 2/24/2000. (8) U.S. patent appFicatton serial no. 09/588.946. 
attomey docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559.122. attomey docket no. 25791 .23.02. filed on 4/26/2000, (10) PCT patent 
5 application serial no. PCT/USOO/1 8635, attomey docket no. 25791 .25.02. filed on 

7/9/2000. (1 1) U.S. provisional patent application serial no. 60/162.671 . attomey docket 
no. 25791.27. filed on 1 1/1/1999. (12) U.S. provisional patent application serial no. 
60/154.047. attomey docket no. 25791,29. filed on 9/16/1999. (13) U.S. provisional 
patent application serial no. 60/159.082. attomey docket no. 25791.34, filed on 
20 10/12/1999, (14) U.S. provisional patent application serial no. 60/159.039, attomey 
dodcet no. 25791.36. filed on 10/12/1999, (15) U.S. provistonal patent applicatran serial 
no. 60/159.033. attorney docket no. 25791.37. filed on 10/12/1999. (16) U.S. 

provisional patent application serial no. . attomey docket no. 

25791,38. filed on 6/19/2000. (17) U.S. provisional patent application serial no. 
25 60/1 65.228. attomey docket no. 25791 .39, filed on 1 1/1 2/1 999, (18) U.S. provisional 

. patent application serial no. . attomey docket no. 25791 ,45. filed on 

7/28/2000. (19) U.S, provisional patent application serial no. attorney 

docket no. 25791.46, filed on 7/28/2000. and (20) U.S. provisional patent applicatfon 

serial no. , attomey docket no. 25791,47, filed on 9/18/2000, the 

30 disdosures of which are incorporated herein by reference. 

As illustrated in Fig. lb, in a preferred embodiment, during placement of the 
apparatus 100 within the wellbore 10. fluidic materials 165 within the wellbore 10 are 
conveyed through the apparatus 100 through the passages 110. 120 and 145 to a 
location above the apparatus 100. In this manner, surge pressures during placement 
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of the apparatus 100 within the wellbore 1 0 are reduced. In a prefeaed embodiment, 
the apparatus 100 is ihitiaily positioned within the weilbore 10 such that the top portion 
of the tubular member 155 overlaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 155 may be radially expanded into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art, the precise initial position of the expandable 
tubular member 155 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
expandable tubular member. 

As illustrated in Fig. 1c. a fluidic material 170 may then be injected through the 
apparatus 100 through the passages 110, 120. and 145 in order to test the proper 
operation of these passages. 

As illustrated in Fig. Id, a hardenable fluidic sealing material 175 may frien be 
injected through the apparatus 100 through the passages 1 10, 120 and 145 into the 
anriulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to flukJ migration into and out of the wellt>ore 10 may be formed around the radially 
expanded expansion cone launcher 135 and expandable tubular member 155. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
several alternative embodiments, the injection of the hardenable fluidic sealing material 
175 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 175 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 1e. a non-hardenable fluidic material 180 may then be 
injected into the apparatus through the passages 110 and 120. A ball plug 185, or 
other similar device, may then be injected with the fluidic material 180 to thereby seal 
off the passage 145. In this manner, the region 150 may be pressurized by the 
continued injection of the fluidic material 180 into the apparatus 100. 

— Afr4WMStr^ted Ip Rg. l f , th^ mntintifid injection of the fluidic material 160 into the 

apparatus 100 causes the expansion cone launcher 135 and exparuJable tubular 
member 155 to be plastically defonmed and radially expanded off of the over-expansion 
sleeve 130. In this manner, the expansion cone 115 and over-expansk)n sleeve 130 
are displaced relative to the expansion cone launcher 135 and expandable tubular 
men^r 155 in the axial direction. 

After a predetermined time period and/or atter a predetenmined axial 
displacement of the expansion cone 115 relative to the expansfon cone launcher 1 35 
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and expandable tubular member 1 55, the over-expansion sleeve 1 30 vmy be removed 
from the outer conical surface 1 25 of the expansion cone 1 1 5 by the application of a 
predetemiined upward shock load to the support member 105. In a preferred 
embodimerit, the shock toad causes the frangible over-expanston sleeve 130 to 

5 fracture into snriaH pieces thiat are then forced off of the outer conical surface 125 of 
the expansion cone 1 15 by the continued pressurization of the region 150. In a 
prefemed embodiment, the pieces of the over-expansion sleeve 130 are pulverized into 
grains of material by the continued pressurization of the regton 150. 

Referring to Fig. 1g. following the removal of the frangible over-expansion 

10 sleeve 130, the continued pressurization of the region 150 causes the expandable 
tubular member 155 to be plastically defomied and radially expanded and extruded off 
of the outer conical surface 125 of the expansion cone 115. Note that the amount of 
radial expansion provided by the outer conical surface 1 25 of expansion cone 1 1 5 is 
less than the amount of radial expansion provided by the combination of the over- 

15 expansion sleeve 130 and the expansion cone. 11 5. In this manner, as illustrated in 
Fig.. 1h, 9 recess 185 is formed in the radially expanded tubular member 155. 

After completir>g the plastic deformation and radial expansion of the tubular 
memt>er 1 55. the hardenable fluidic sealing material is allowed to cure to thereby form 
an annular body 190 that provides a bamer to fluid flow into or out of the wellbore 10. 

20 Referring to Fig. 1i. the shoe 140 may then rennoved by drilling out the shoe 

using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled to 
the tK)ttom portton of the plastically deformed and radially expanded tubular member 
155. 

25 _ Referring to Fig. 1 j, a tubular member 200 may then be plastically defomied 
and radially expanded using any number of conventional methods of radially expanding 
a tubular member. In a preferred embodiment, the upper portion of the radially 
expanded tubular member 200 overlaps with and mates with the recessed portion 185 
of-the tubular mert)ber 155. In a preferred embodiment, one or more sealing members 

30 ^05 are coupled to the exterior surface of the upper portton of the tubular member 200. 
. In a preferred embodiment, the sealing members 205 seal the interface between the 
upper portion of the tubular member 200 and the recessed portion 1 85 of the tubular 
member 155. In several altemative embodiments, ttie sealing members 205 may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
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several alternative emtxxjiments. one or more anchoring elements may substituted for. 
or used In addition to, the sealing niembers 205. In a preferred embodiment, an 
annular Ixxly 210 of a hardenable fluidic sealing material Is also fonned around the 
tubular member 200 usirig one or more conventional nnethods. 
5 In a preferred embodiment, the tubulair memfcw 200 is plastically deformed and 

radially expanded, and the annular body 210 is formed using one or more of the 
apparatus and methods disclosed in the following: (1 ) U.S. patent appUcafon serial no. 
09/454,139, attorney docket no. 25791.03.02. filed on 12«/1999. (2) U.S. patent 
application serial no. 09/51 0.91 3. attorney docket no. 25791 .7.02, filed on 2/23/2000. 
10 (3) U.S. patent application serial no. 09/502.350, attorney docket no. 25791 .8.02. filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440.338. attorney docket no. 
25791.9.02. filed on 11/15/1999. (5) U.S. patent application serial no. 09/523,460. 
attorney docket no. 25791 .1 1 .02. filed on 3/10/2000, (6) U.S. patent appfication serial 
no. 09/512,895. attorney docket no. 25791.12,02. filed on 2/24/2000. (7) U.S. patent 
15 applicationserialno,09/511,941.attomeydocketrw).25791.16.02,filedon2/24/200^^ 
(8) U.S. patent application serial no. 09/588,946, attorney docket no. 25791 .17.02, filed 
on 6/7/2000. (9) U.S. patent application serial no. 09/559.122, attomey docket no. 
25791 .23.02, filed on 4/26/2000. (10) PCT patent application serial no. 
PCT/USOO/18635. attomey docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. 
20 provisional patent application serial no. 60/162.671 . attomey docket no. 25791 .27, filed 
on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154,047, attomey 
docket no. 25791.29. filed on 9/16/1999, (13) U.S. provlstonal patent application serial 
no. 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) U.S. 
provisional patent application serial no. 60/159,039. attornqy dodcet no. 25791.36. filed 
25 on 10/12/1999. (15) U.S. provisional patent application serial no. 60/159,033, attomey 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent applicaUon serial 

ho. — a t t orn e y ri o rkPl n o ? 5791 38 , filed Qn,6/19/ 2000. (17) U.S. 

provisional patent application serial no. 60/165.228, attomey docket no. 25791.39, filed 

on 11/12/1999, (18) U.S. provisk>nal patent application serial no. • . 

30 attonrwy docket no. 26791,45, filed on 7/28/2000, (19) U.S. provisional patent 

applteation serial no. , attomey docket no. 25791.46, filed on 7/28/2000* 

and (20) U.S. provisional patent applksation serial no. attomey docket 

no. 25791 .47. filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. 
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in an alternative embodiment, the annular body 21 0 may be omitted. In several 
alternative embodiments, the annular body 210 may be radially compressed t^efore, 
during and/or after curing. 

Refemng to Fig. 1k, an expansion cone 215 may then be driven In a downvvard 

5 direction by fluid pressure and/or by a support member 220 to plastically deform and 
radially exparui the tubular member 200 such that the interior diameter of the tubular 
members 155 and 200 are substantially equal. In this manner, as illustrated in Fig. II, 
a mono-diameter wellbore casing may be formed. 

Referring to Rgs. 2a and 2b, in an attemative embodiment, an apparatus 300 

1 0 for radially expanding a tubular member may then be positioned within the vyellbore 1 0. 
The apparatus 300 includes a tubular support member 305 defiriing a passage 31 0 for 
conveying fluidic materials. An expansion cone 315 defining a passage 320 and 
having an outer conical surfoce 325 for radially expanding tubular members Is coupled 
to an end of the tubular support member 305. An annular conical overnexpansibn 

1 5 insert 330 mates with and is removably coupled to the outer conical surface 325 of the 
expansion cone 315. 

An expansion cone launcher 335 iis nwvably coupled to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone launcher 
335 includes an upper portion having an upper outer diameter, an Intermediate portion 

20 that mates with the expansion cone 315 and the over-expansion insert 330, an a lower . 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 340 defining a valveable passage 345 is coupled to the 
lower portion of the expansion cone launcher 335. In a preferred embodinient, the 
valveable passage 345 may be controllably closed in order to fluididy isolate a region 

25 350 below the expansion cone 31 5 and bounded by the lower portion of the expansion 
cone launcher 335 and the shoe 340 from the region outside of the apparatus 300. 

In a preferred embodiment, as illustrated in Fig. 3. the over-expansion insert 
330 includes a plurality of spaced-apart arcuate Inserts 330a, 330b, 330c and 330d that 
are positioned t>etween the outer conical suriace 325. of the expansion cone 315 and 

30 the inner surface of the intennediate portion of the expansion cone launcher 335. In 
this manner, the relative axial displacement of the expansion cone 315 and the ' 
expansion cone launcher 335 will cause the expansion cone to over-exparwl the 
intermediate portion of the expansion cone launcher. In this manner, a recess may be 
formed in the radially expanded expansion cone launcher 335, In several alternative 
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embodiments, the inserts 330a, 330b, 330c, and 330d fall out of the recess and/or are 
removed from the recess using a conventional retrieval tool upon the conlpletion of the 
radial expansion process. 

in an aiteniative embodiment, as illustrated in Fig. 3a, the over expansion insert 
5 330 further includes Intemiediate resifient members 331a, 331b. 33ic, and 331d for 
resiliently coupling the inserts 330a. 330b, 330c and 330d. In this manner, upon the 
completion of the radial expansion process, the resilient foifce exerted by the resilient 
members 331 causes the over-expansion insert to collapse in the radial direction and 
thereby fall out of the recess. 
10 An expandable tubular member 355 is coupled to the upper portion of the 

expansion cone launcher 335. One or more sealing members 360a and 360b are . 
coupled to the exterior of the upper portion of the expandable tubular member 355. in 
several altemative eni^)odiments, the sealing members 360a and 360b may include 
elastomeric elements and/or metalftc elements arxi/or composite elernents. In several 
15 altemative embodiments, one or more anchoring elements may substituted for. or used 
in addition to» the sealing members 360a and 360b. 

In a preferred embodiment, the support member 305, the expansion cone 315, 
the expansion cone launcher 335, the shoe 340, and the expandable tubular member 
355 are provided substantially as disclosed in one or more of the following: (1 ) U.S. 
20 patent application serial no. 09/454,139, attorney docket no. 25791 .03.02. filed on 
12/3/1999, (2) U.S. patent iappiication serial no. 09/510,913, attorney docket no. 
25791 .7.02. filed on 2/23/2000, (3) U.S. patent appHcation serial no. 09/502,350. 
attorney docket no. 25791.8.02. filed on 2/10/2000, (4) U.S. patent application serial 
no, 09/440.338. attorney docket no. 25791.9.02. filed on 11/15/1999. (5) U.S. patent 
25 application serial no. 09/523,460, attomey docket no. 25791 . 1 1 .02. filed on 3/10/2000, 
(6) U.S. patent application serial no. 09/512,895. attomey docket no, 25791 .12.02, filed 
nn P/? /1 /?QnO. (7) ! XS.-patfiriLa ppli fatinn 5«>rial no 0 9/51 1 ,941 , attomey docket no. 
25791 .16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946. 
attomey docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent application serial 
30 no. 09/559.122. attomey docket no. 25791.23.02, filed on 4/26/2000. (10) PCT patent 
application serial no. PCT/USOQ/18635, attomey docket no. 25791 .25.02. filed on 
7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671, attomey docket 
no. 25791.27. filed on 11/1/1999. (12) U.S. provisional patent application serial no. 
60/154.047. attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
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patent application serial no. 60/1 59,082, attorney docket no. 25791 .34, filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039. attorney 
docket no. 2579136. filed on 10/12/1999. (15) U.S. provisional patent applicatk>n serial 
no. 60/159.033. attorney docket no. 25791.37. Hied on 10/12/1999. (16) U.S. 

5 provistonai patent applteattonseriai no. , attomfey docket no. 

25791 .38. filed on 6/19/2000, (17) U.S. provistonal patent application serial no. 
60/165.228, attoniey docket no. 25791.39, filed on 11/12/1999. (18) U.S. provisional 
patent application serial no. attorney docket no. 25791 .45, filed on 
7/28/2000, (19) U.S. provisional patent application serial no. ' , attorney 

10 docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. provisional patent application 

serial no. , attorney docket no. 25791.47, filed on 9/18/2000, the 

disclosures of whk^h are incorporated herein by reference. 

As illustrated in Fig. 2b, in a preferred embodiment, during placement of the 
apparatus 300 within the wellbore 1 0, fluidic materials 365 within the wellbore 1 0 are 

15 . conveyed through the apparatus 300 through the passages 310, 320 and 345 to a 
location above the apparatus 300. In this manner, surge pressures during placement 
of the apparatus 300 within the wellbore 10 are reduced. In a preferred embodiment, 
the apparatus 300 is initially positioned within the wellbore 10 such that the top portion 
of the tubular member 355 overlaps with the preexisting casing 1 5. In this manner ^ the 

20 upper portk>n of the expandable tubular member 355 may be radially expanded into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons haying ordinary skill in the art, the precise initial positk>n of the expandable 
tubular member 355 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 

25 expandable tubular member. 

As illustrated in Rg. 2c. a fluidic nnaterial 370 may then be injected through the 
apparatus 300 through the passages 310, 320, and 345 in order to test the proper 
operation of these passages. 

As illustrated in Rg. 2d, a hardenable flukJrc sealing material 375 may then be 

30 injected through the apparatus 300 through the passages 31 0, 320 and 345 into the 
annulus beNveen the apparatus and the wellt>ore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may t>e formed around the radially 
expanded expansion cone launcher 335 and expandable tubular member 355. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
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several alternative emljodiments, the Injection of the hardenable fluidic sealing material 
375 may be omitted. In several alternative emt)odiments, the hardenable fluidic sealing 
material 375 is compressible, before, during and/or after, the curing process. 

As illustrated in Rg. 2e, a non-hafdenat)le fluidic material 380 may then be 
injeded into the apparatus through the passages 310 and 320. A ball plug 385, or 
other similar device, may then be injected with the fluidic material 380 to thereby seal 
off the passage 345. In this manner, the region 350 may be pressurized by the 
continued Injection of the fluidic material 380 into the apparatus 300. 

As illustrated in Fig. 2f, the continued injection of the fluidic material 380 into the 
apparatus 300 causes the expansion cone launcher 335 to be plastically defonned and 
radially expanded off of the over-expansion insert 330. In this manner, the expansion 
cone 315 is displaced relative to the expansion cone launcher 335 and expandable 
tubular member 355 In the axial direction. 

Once the radial expansion process has progressed beyond the over-expansion 
insert 330, the radial expansion of the expansion cone launcher 335 and exparkJable 
tubular member 355 is provided solely by the outer conical surface 325 of the 
expansion cone 315. Note that the amount of radial expansion provided by the outer 
conical surface 325 of expansion cone 315 is less than the amount of radial expansion 
provided by the combination of the over-expansion insert 330 and the expansion cone 
315. In this manner, as illustrated in Rg. 2g, a recess 390 is formed in the radially 
expanded tubular member 355. 

In several altemafive embodiments, the over-expansion Insert 330 is removed 
from the recess 390 by foiling out and/or removal using a conventional retrieval tool. In 
an altemative embodiment, the resilient force provided by the resilient members 331a. 
331b, 331c, and 331d cause the insert 330 to collapse In the radial direction and 
thereby fall out of the recess 390. In an altemative embodiment, as illustrated in Fig. 4, 
o n o o r mo r o rosilio nt hool c s 3Q5a-and-295h a re nn i i plft d t o the fc i ot tom of the expansion 
cone 315 for retrieving the over-expansion Insert 330 during or after the completion of 
the radial expansion process. 

After completing ttie plastic deformation and radial expansion of the tubular 
member 355, the hardenable fluidic sealing material is allowed to cure to thereby fonm 
an annular body 400 that provides a barrier to fluid flow into or out of the wellt)ore 10. 

Refem'ng to Fig. 2h, the shoe 340 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the weUt)ore 10 may also be 
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drilled out in order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically deformed and radially expanded tubular member 
355. 

Referring to Fig. 2j, a tubular member 405 may then be plasticai|y defomned 

5 and radlatly expanded using any number of conventional methods of radially expanding 
a tubular member. In a prefened embodiment, the upper portion of the radially 
expanded tubular member 405 overiaps with and mates with the recessed portion 390 
of the tubular member 355. In a preferred embodiment, one or more sealing members 
410 are coupled to the exterior surface of the upper portion of the tubular member 405. 

10 In a prefen^ embodiment, the sealing members 410 seal the interface between the 
upper portion of the tubular member 405 and the recessed portion 390 of the tubular 
member 355. In several altemative embodiments, the sealing members 410 may 
indudeelastornericelenrients and/or metallic elements and/or composite elements; In 
. several altemative embodiments, one or nrxMre anchoring elements may substituted for, 

15 or used in addition to. the sealing rhembers 410. In a prefen^d embodiment, an 
annular body 41 5 of a hardenable fluidic sealing material Is also fonmed around the 
tubular member 405 using one or nK>re conventiorval methods. 

In a prefen-ed embodiment, the tubular member 405 is plastically deformed and 
radially expanded, and the annular txxJy 415 is formed using one or more of ttie 

20 apparatus and methods disclosed in tiie following: (1) U.S. patent application serial no. 
09/454.139. attorney docket no. 25791,03.02. filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913. attorney docket no. 25791 .7.02. filed on 2/23G0O0, 
(3) U.S. patent application serial no. 09/502,350, atlomey docket no, 25791.8.02, filed 
on 2/1 0/2000. (4) U.S. patent application serial no. 09/440,338. attorney docket no. 

25 25791 .9.02. filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523.460. 
attorney docket no. 25791 .1 1.02. filed on 3/10/2000. (6) U.S. patent application serial 
no. 09/512.895. attorney docket no. 25791.12.02. filed on 2/24/2000. (7) U.S. patent 
application serial no. 09/51 1 ,941 , attonriey docket no. 25791.16.02, filed on 2/24/2000, 
(8) ll.S. patent application serial no. 09/588,946, atiomey docket no. 25791.17.02. filed 

30 on 6/7/2000. (9) U.S. patent application serial no. 09/559.122, attorney docket no. 
25791 .23.02, filed on 4/26/2000, (1 0) PCT patent application serial no. 
PCT/USOO/1 8635, attorney docket no. 25791 .26.02, filed on 7/9/2000. (1 1) U.S. 
provisional patent application serial no. 60/162,671 , attorney docket no. 25791 .27. filed 
on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154.047. attorney 
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docket no! 25791.29. filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159,082. attorney docket no. 25791.34. filed on 10/12/1999, (14) U.S. 
provisional patent application serial no. 60/159,039. attorney docket no. 25791.36. filed 
on 10/12/1999. (15) U.S. provistonal patent application serial no. 60/159,033, attorney 
5 docket no. 25791 .37, fried on 10/12/1999. (16) U.S. provisional patent applicafion serial 

no. " ' attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

pfovlstonal patent application serial no. 60/165^28. attorney docket no. 25791.39, lited 

on 11/12/1999, (18) U.S. provisional patent applicatbn serial no. 

attorney docket no. 25791 .45. filed on 7/28/2000, (19) U.S. provistonal patent 

1 0 application serial no. ■ , attorney docket no. 25791 .46, filed on 7/28/2000. 

and (20) U.S. provisional patent appfication serial no. , attorney docket 

no. 25791.47, filed on 9/18/2000. the disclosures of which are incorporated herein by 
reference. 

In an alternative emlxxlimeht. the annular Iwxly 415 may be omitted. In several 
1 5 altemative embodiments, the annular body 415 may be radially compressed before, 
during and/or after curing. 

Referring to Rg. 2j, an expan$;fon cone 420 may then be driven in a downward 
direction by fluid pressure and/or by a support member 425 to plastically defomi and 
radially expand the tubular member 405 such that the interior diameter of the tubular 
20 members 355 and 405 are substantially equal. In this manner, as illustrated in Fig. 2k. 
a mono-diameter v/ellbore casing may be formed. 

Refening to Figs 5a-5b, in an altemative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
25 conventional methods. An annular body of a fluidic sealing material 510 may also be 
formed around the tubular member 500 using any number of conventional methods. In 

a pr efer r e d e mb^r^im o nt , th ^ hih i J ar mpmhfy sno i s plas t i cally deformed and radially 

expanded and the annular body 610 is fomied using one or nwre of the methods and 
apparatus disclosed in one or nnore of the fdkwving: (1) U.S. patent application serial 
30 no. 09/454;«9. attorney docket no. 25791 .03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913. attorney docket no. 25791.7.02, filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502,350. attorney docket no. 25791.8.02, filed 
on 2/10/2000. (4) U.S. patient application serial no, 09/440.338. attorney docket no. 
25791.9.02, filed on 11/15/1999. (5) U.S.. patent application serial no, 09/523.460. 
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attorney docket no. 25791 .1 1 .02, filed on 3/10/2000, (6) U.S. patent application serial 
no. 09/512.895. attorney docket no. 25791 .12.02, filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/51 1 ,941, attorney docket no. 25791.16.02, filed on 2/24/2000. 
(8) U.S. patent appficatkMi serial no. 09/588,946, attorney docket no. 25791 .17.02, filed 

5 on 6/7/2000. (9) U.S. patent application serial no. 09/559,122, attorney docket no. 
25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02. filed on 7/9/2000, (11) U.S. 
provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed 
on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154,047, attorney 

10 docket no. 25791 .29. filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159.082, attorney docket no. 25791.34, filed on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159,039. attorney docket no. 25791 .36. filed 
on 10/12/1999, (15) U.S. proviskmal patent applteation serial no. 60/159.033, attorney 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provisional patent application seriaL 

15 no. , attorney docket no. 25791.38. filed on 6/19/2000. (17) U.S. 

provisional patent application serial no. 60/165.228. attorney docket no. 25791 .39, filed 

on 1 1/1 2/1 999, (18) U.S. provisional patent application serial no. ^, • 

attorney docket no. 25791 ,45. filed on 7/28/2000. (19) U.S. provisional patent 
application serial no. , attorney docket no. 25791 .46. filed on 7/28/2000, 

20 and (20) U.S. provisional patent application serial no. • • attorney docket 

no. 25791.47, filed on 9/18/2000, ttie disclosures of which are incorporated herein by 
reference. 

In several alternative embodiments, the annular body 510 may be omitted or 
may be compressible before, during, or after curing. 
25 Refening to Figs. 5c and 5d, a conventional inflatable bladder 515 may then be 

positioned within ttie tubular member 500 and inflated to a suffident operating pressure 
to plastically deform and radially expand a portion of ttie tubular member to thereby 
form a recess 520 In ttie tubular member. 

Referring to Figs. 5e and 5f. ttie inflatable bladder 515 may ttien be removed 
30 and ttie shoe 505 drilled out using a conventional drilling de>4ce. 

Referring to Fig. 5g. an additional tubular member 525 may ttien be plastically 
defonned and radially expanded in a conventional manner and/or by using one or more 
of tiie mettiods and apparatus described above in order to form a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular memt)er 
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525, an annular body 530 of a fluidic sealing material may be fomied around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several aitenr^tive embodiments, the inflatable bladder 51 5 may be coupled 
5 to the bottom of an expansion osne in order to perrpit the over-exparislonproce^ 
performed during the radial expansion process implemented using the expansion pone. 

Refemng to Rgs 6a-6b, in an alternative embodiment, a tubular membfer 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
10 conventional methods. An annular body of a fluidic sealing material 610 may also be 
fonned around the tubular member 600 using any number of conventional methods. In 
a preferred embodiment, the tubular member 600 is plastically defonned and radially 
expanded and the annular body 610 is fomied using one or more of the niethods and 
apparatus disclosed in one or more of the following: (1) U.S. patent application serial 
15^ no. 09/454,139. attomey docket no. i26791 .03.02, filed on 12/3/1999. (2) U.S; patent 
application serial no. 09/510,913. attomey docket no. 25791.7.02. filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502,350, attomey docket no. 25791 .8.02, filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440.338. attomey docket no. 
25791 .9.02. filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, . 
20 attomey docket no. 25791 .1 1 .02. filed on 3/1 0/2000, (6) U.S. patent application serial 
no. 09/51 2.895. attomey docket no. 25791 .1 2.02. filed on 2/24/2000. (7) U.S. patent 
application serial no. 09/511.941, attomey docket no. 25791.16.02, filed on 2/24/2000. 
(8) U.S. patent applicatbn serial no. 09/588.946. attomey docket no. 25791.17.02, filed 
on 6/7/2000, (9) U.S. patent applk:ation serial no. 09/559,122, attorney docket no. 
25 25791 .23.02. filed on 4/26/2000. (10) PCT patent application serial no. 

PCT/USOO/18635, attomey docket no. 25791 .25.02. filed on 7/9/2000, (11) U.S. 

prnvic i nfv tl p ata nt ap pl i r at in n <;prial nn fiO/lfi? 67 1 , attorn ey docket no. 25791.27. filed 

on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154,047, attomey 
docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional patent application serial 
30 no. 60/159.082, attomey docket no. 25791.34. filed on 10/12/1999. (14) U.S. - 

provisional patent appiN:ation serial no. 60/159.039, attomey docket no. 25791.36, filed 
on 10/12/1999, (15) U.S. provisional patent applrcation serial no. 60/159.033. attomey 
docket no. 25791.37, filed on 10/12/1999. (16) U.S. provisional patent application serial 
no. - attomey docket no. 25791 .38, filed on 6/1 9/2000, (1 7) U.S. 
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provisional patent application serial no. 60/165,228, attorney docket no. 25791.39. filed 

on 1 1/12/1999, (18) U.S. provisional patent application serial no. , 

attorney docket no. 25791.45. filed on 7/28/2000. (19) U.S. provisional patent 

application serial no. , attorney docket no. 25791.46, filed on 7/28/2000, 

5 and (20) U.S. provlstonal patent application serial no. , attorney docket 

no. 25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. 

in several alternative enit)odiments, the annular body 610 may be omitted or 
may be compressible t}efore, during, or after curing. 

10 Refening to Figs. 6c and 6d, a conventional roller expansion device 615 may 

then be positioned within the tubular member 600 and operated in a conventional 
manner apply a radial force to the intisrior surface of the tubular member 600 to 
plastically deform and radially expand a portion of the tubular member to thereby form 
a recess 620 in the tubular member. As will be recognized by persons having ordinary 

1 5 skill in the art, a roller expansion devik:e typically utilizes one or more rollers that 
ttirough rotation of the device, apply a radial force to ttie intenor surfaces of a tubular 
member. In several altemative embodiments, tiie roller expansion device 615 may 
include eccentric rollers such as, for example, as disclosed in U.S. Pat Nos. 5.014,779 
and 5,083,608, the disclosures of which are incorporated herein by reference. 

20 Referring to Figs. 6d and 6e, the roller expansion device 615 may ttien be 

removed and the shoe 605 drilled out using a conventional drilling device. 

Referring to Fig. 6f, an additional tubular member 625 may then be plastically 
defonned and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus descrit>ed above in order to form a mono-diameter 

25 wellbore casing. Before, during or after the radial expansion of the tubular member 
625, an annular body 630 of a fluidic sealing material may be formed around the 
tubular member in a conventional manner and/or by using one or more of ttie methods 
and apparatus described at)ove. 

In several altemative embodiments, the roller expansion device 615 may be 

30 coupled to the bottom of an expansion cone in order to pemiit tiie over-expansion 
process to t>e perfomied during the radial expansion process implemented using ttie 
expansion cone. 

Refening initially to Fig. 7a. a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may t>e oriented in any orientation from the vertical to ttie 
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horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the weIll>ore 10 using any number of conventional nielhods. In a preferred 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed In one or more of the 
5 foltowing: (1) U.S. patent application serial no. 09/454,139. attorney docket no. 
25791.03.02. filed on 12/3/1999, (2) U.S. patent appRcatkm serial no. 09/510,913. 
attorney docket no: 25791.7.02, filed on 2^3/2000, (3) U.S. patent appiicatton serial 
no. 09/502,350. attorney docket no. 257918.02. filed on 2/10/2000. (4) U.S. patent 
application serial no. 09/440.338, attonr>ey docket no. 25791 .9,02, filed on 1 1/1 5/1 999. 
10 (5) U.S. patent applicafion serial no. 09/523.460, attorney docket no. 25791.11.02. filed 
on 3/10/2000. (6) U.S. patent application serial no. 09/512.895. attorney docket no. 
25791.12.02. filed on 2/24/2000, (7) U.S. patent applicatipn serial no. 09/511,941, 
attomey docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588.946, attomey docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent 
15 application serial no. 09/559.122. attomey docket no. 25791 .23.02, ffled on 4/26/2000. 
(10) PCT patent application serial no. PCTAJSOO/18635, attomey docket no. 
25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/1 62,671 . attomey docket no. 25791 .27. filed on 1 1/1/1 999, (1 2) U.S. provisional 
patent application serial no. 60/154,047, attomey docket no. 25791.29. filed on 
20 9/1 6/1 999. (1 3) U.S. provisional patent application sem\ no. 60/1 59.082. attomey 

docket no, 25791.34. filed on 10/12/1999. (14) U.S. provisional patent applrcation serial 
no. 60/159,039. attomey docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisional patent applicatkm serial no. 60/159,033, attomey docket no. 25791.37. filed 

on 10/12/1999, (16) U.S. provisional patent application serial no. , 

25 attomey docket no. 25791 .38, filed on 6/19/2000, (17) U.S. provisional patent 

application serial no. 60/165,228. attomey docket no, 25791.39. filed on 11/12/1999. 

(1ft)1l<^ prn\/i<s 1 nnal patftn * a p pf irj^tion serial no. . attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attomey docket no, 25791.46. filed on 7/28/2000. and (20) U.S. 

30 provisipr)al patent applicatton serial no. , attomey docket no. 25791.47, 

filed on 9/18/2000, the disclosures of whk:h are incorporated herein by reference. 
More generally, the preexisting wellbore casing 15 may be coupled to another 
preexisting wellbore casing and/or may include one or more concentrically positioned 
tubular members. 
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Referring to Fig. 7b, an apparatus 700 for radially expanding a tubuJar member 
may then be positioned within the wellbore 10. The apparatus 700 includes a tubular 
support member 705 defining a passage 710 for conveying flukJIcniaterials. An 
expansion cone 715 defining a passage 720 and havvig an outer conical surface 725 
5 for radially expanding tubular members is coupled to an end of th^ tubular support 
member 705. 

An expansion cone launcher 735 is movably coupled to and supported by the 
expansion cone 715. The expansion cone launcher 735 includes an upper portion 
735a having an upper outer diameter, an intermediate portion 735b that mates with the 
1 0 expansion cone 715, and a lower portion 735c having a lower outer diameter. The 
lower outer diameter is greater than the upper outer diameter. The expansion cone 
launcher 735 further includes a recessed portion 735d having an outer diameter that is 
less than the lower outer diameteir. 

- A shoe 740 defining a valveable passage 745 is coupled to the lower portion of 
15 the expansion cone launcher 735. In a preferred embodiment, the valveable passage 
745 may be controllably dosed in order to fluididy isolate a region 750 below the 
expansion cone 715 and bounded by the tower portion 735c of the expansion cone 
launcher 735 and the shoe 740 from the region outside of the apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of the 
20 expansion cone launcher 735. One or more scaling members 760a and 760b may be 
coupled to the exterior of the upper portion of the expandable tubular member 755. In 
several alternative embodiments, the sealing members 760a and 760b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for. or used 
25 in addition to. the sealing members 760a arid 760b. 

In a preferred embodiment, the support member 705, the expansion cone 715, 
the expansion cone launcher 735. the shoe 740, and the expandable tubular member 
755 are provided substantially as disdosed in one or more of the following: (1 ) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791 .03.02. filed on 
30 12/3/1999. (2) U.S. patent application serial no, 09/610,913, attomey docket no. 
. 25791 7.02, filed on 2/23/2000. (3) U.S. patent appfication serial no. 09/502,350, 
attomey docket no. 25791 .8.02, filed on 2/1 0/2000. (4) U.S. patent application serial 
no, 09/440.338. attomey docket no. 25791.9.02. filed on 1 1/15/1999. (5) U.S. patent 
application serial no. 09/523,460. attomey docket no. 25791 .1 1 .02, filed on 3/10/2000. 
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(6) U.S. patent application serial no. 09/512.895, attorney docket no. 25791.12.02. filed 
on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, attorney docket no. 
25791.16.02. filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, 
attwney docket no, 25791 .17.02. filed on 6/7/2000, (9) U.S. patent applicatk)n serial 
5 no! 09^59,122. attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent 
ap^bitton serial no. PCTAJSOO/18635, attorney docket no. 25791.25.02, filed on 
7/9Q000, (11) U.S. provistonal patent application serial no. 60/162,671. attorney docket 
no. 25791.27, filed on 11/1/1999. (12) U.S. provisional patent application serial no. 
60/164.047. attorney docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional 
10 patent application serial no. 60/159,082. attorney docket no. 25791.34, filed on 

10/12/1999. (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791 .36. filed on 10/12/1999, (15).U.S. provisional patent appllcatton serial 
no. 60/159,033. attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent applfcation serial no. , attorney docket no. 

15 25791 .38. filed on 6/19/2000. (17) U.S. provisional patOTt applicatkMn serial no. 

60/165,228, attorney docket no. 25791.39. filed on 11/12/1999, (18) U.S. provisional 

patent application serial no. attorney docket no. 25791 .45, filed on 

7/28/2000, (19) U.S. -provisional patent application serial no. attorney 

docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. provisional patent application 
20 serial no. ^ attorney docket no. 25791 .47. fited on 9/1 8/2000, the ^ 

disclosures of wtik:h are incorporated herein by reference. 

As ilkistfated in Fig. 7b. in a preferred embodiment, during placement of the 
apparatus 700 within the wellbore 10, fluldic materials 765 within the wellbore 1 Q are 
conveyed through the apparatus 700 through the passages 710, 720 and 745 to a 
25 iocatkm above the apparatus 700. In this manner, surge pressures during placement 
of the apparatus 700 within the wellbore 10 are reduced. In a preferred embodiment, 

th e a pp a r a tu s 70 0 H tpttiaH y pn< ; Hin ni y l wi t hin thft wfitibore 10 such that the top tx)rtion 

of the tubular memt)er 755 overiaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 755 may be radially expanded into 
30 contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill In the art. the precise Initial posttk)n off the expandable 
tubular member 755 will vary as a ftjnctton of the amount of radial expansion, the 
amount of axial shrinkage during radial expanskm, and the material properties of the 
expandable tubular member. 
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As iRustrated In Fig. 7c. a fluidic material 770 may then be injected through the 
apparatus 700 through the passages 710; 720, and 745 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 may then be 
5 injected through the apparatus 700 through the passages 71 0, 720 and 745 into the 
annuhjs between the apparatus and ttie wellbdce 1 0. In this manner, an annular l:>arrier 
to fluid nugration into and out of the weflbore 10 may be formed around the radially 
expanded expansion cone launcher 735 and expandable tubular member 755. The . - 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
10 several alternative emtx)diments, the injection of the hardenable fluidic sealing material 
775 may be omitted. In several alternative embodinnents, the hardenable fluidic sealing 
material 775 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 7e, a non-hardenable fluidic material 780 may then be 
injected into me apparatus through the passages 710 and 720. A baH plug 785, or 
1 5 other similar device, may then be injected with the fluidic material 780 to thereby seal 
off the passage 745. In this manner, the region 750 may be pressurized by the 
continued injection of the fluidic material 780 into the apparatus 700. 

As illustrated in Figs. 7f and 7g, the continued injection of the fluidic material 
780 into the apparatus 700 causes the expansion cone launcher 735 and expandable 
20 tubular member 755 to be plastically deformed and radially expanded off of the 
expansion cone 715. The resulting structure includes a lip 790. 

After completing the plastic deformation and radial expansion of the tubular 
member 755, the hardenable fluidic sealing material is allowed to cure to thereby fomri 
an annular body 795 that provides a banier to fluid flow into or out of the wellbore 10. 
25 Referring to Fig. 7h, the shoe 740 may then removed by drilling out the shoe 

using a conventional dnlling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically defomied and radially expanded tubular member 
755. 

30 Referring to Fig. 7i, an additional tubular member 800 may then be plastically 

defomied and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus descrit)ed above in order to form a mono-diarneter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
800, an annular body 805 of a fluidic sealing material may be formed around the 
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tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. In a preferred embodiment, the lip 790 faoTitates the 
coupnng of the tubular member 800 to the tubular member 755 by providing a region 
on which the tubular member 600 may be easily coupled onto. 

Referring to Rg. 8a, in an aKemative embodiment, a wellbiore 10 includes a 
preexisting section of wellbore casing 15 and 900. The wellbore casing 900 includes 
seaDng members 905a and 9051) and a recess 910, An annular body 915 of a fliAdic 
sealing material may also be provided around the casing 900. The casing 900 and 
annular body 915 may be provided using any number of conventional methods, the 
methods descril>ed above, and/or using one or mare of the methods disclosed in the 
foiiowing: (1) U.S. patent application serial no. 09/454,139, attorney docket no. 
25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510.913. 
attomey dodcet no. 25791.7.02. filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502.350. attorney docket no. 25791.8.02. filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440.338, attomey docket no, 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent applicatkxi serial no. 09/523.460, attomey docket no. 25791,11.02. filed 
on 3/10/2000. (6) U.S. patent application serial no. 09/512.895. attomey docket no. 
25791 .12.02. filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1 ,941 . 
attomey docket no. 25791.16.02, filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588,946. attomey dockiet no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent 
application serial no. 09/559.122, attomey docket no. 25791.23,02, filed on 4/26/2000, 
(10) PCT patent applicatk)n serial no. PCT/USOO/18635, attomey docket no. 
2579125.02, filed on 7/9/2000, (1 1) U.S. provistonal patent application serial no. 
60/162,671. attorney docket rio. 25791.27, filed on 11/1/1999, (12) U.S. provisional 
patent applicatk>n serial no. 60/1 54.047. attorney docket no. 25791 .29, filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attomey 

^ryfj( n \ pn ?^7QA '^ A ftlofi nn inM?/1QQQ, (1^) H .'^ provisinnal paten t appiication serial 

no, 60/159,039, attomey docket no. 25791 .36, filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033. attomey docket no. 25791.37. filed 

on 10/12/1999. (16) U.S. provisk>narpatent application serial no. , 

attomey docket no. 25791 ,38. filed on 6/19/2000. (17) U.S. provisional patent 
appfication serial no. 60/165.226. attomey docket no. 25791.39. filed on 11/12/1999. 

(18) U.S. provisional patent application serial no. , attomey docket no. 

25791 .45. filed on 7/28/2000, (1 9) UiS. provisional patent application serial no. 
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; , attorney docket no. 25791.46. filed on 7/28/2000, and (20) U.S. 

provisional patent applicatfon serial no. , attorney docket no. 25791.47, 

filed on 9/18/2000, the disdosures of which are incorporated herein by reference. 

Referring to Fig. 8b. an apparatus 1000 for radially expanding a tubular member 
5 is then positioned within the wellbpre 10 that includes a tubular support member 1005 
that defines a passage 1010 for conveying fluidic materials. A hydraulic locking device 
1015 that defines a passage 1020 for conveying fluidic materials that is fluidtdy 
coupled to the passage 1010. The kxddng devk» 1015 further Includes inlet passages. 
1020a and 1020b, actuating chambers. 1025a and 1025b, and locking members, 
10 1030a and 1030b. During operation, the injection of fluidic materials into the actuating 
chambers, 1025a and 1025b, causes the locking members, 1030a and 1030b, to be 
displaced outwardly in the radial direction. In this manner, the k>cking device 1015 may 
be controllably coupled to a tubular member to thereby maintain the tubular member in 
a substantially stationary position. As will be recognized by persons having ordinary 
15 skill in the art. the operating pressures and physical shape of the inlet passages 1020, 
actuating chamtiers 1025, and locking members 1030 will detennine the maximum 
amount of holding force provided by the locking device 1015. In several altemative 
embodiments, fluidic materials may be injected into the locking device 1015 using a 
dedicated fluid passage in order to provide precise control of the kx:king device. In 
20 several altemative embodiments, the kxking device 1 01 5 may be onfiitted and the 
tubular support member 1005 coupled directly to the tubular support member 1035. 

One end of a tubular support member1035 that drfmes a passage 1040 is 
coupled to ttie locking device 1015. The passage 1040 is fluidity coupled to the 
passage 1020. An expansion cone 1045 that defines a passage 1050 and includes an 
25 outer conical surface 1 065 is coupled to arwther end of the tubular support member 
1035. expansion cone launcher 1060 is movably coupled to and supported by the 
expansion cone 1 045. The expansiori cone launcher 1060 includes an upper portion 
1060a having an upper outsWe diarneter, an intennediate portton 1060b that mates 
with the expansion com 1045, and a lower portk>n 1060c having a lower outside 
30 diameter. The lower outside diameter is greater than the upper outside diameter. 

A shoe 1065 that defines a valveabte passage 1070 is coupled to the lower 
portion 1060c of the expansion cone launcher 1060. In this manner, a region 1075 
below the expansion cone 1045 and bounded by the expansion cone launcher 1060 
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and the shoe 1065 may be pressurized and fluididy isolated from the annular region 
t)etween the apparatus 1000 and the welit)Ofe 10. 

An expandable tubular pfiember 1080 is coupled to the upper portion of the 
expansion cone liauncher 1060. In several alternative enibodinients. one or more 
5 seating members are coupled to the exterior of the upper portion of the exparidable 
tubular member 1080. In several alternative enrtbodlments, the sealing members may 
include elastomeric elements and/or metalfic elements and/or composite elements. In 
several alternative embodiments, one or nrwre anchoring elements may substituted for, 
or used in addition to, the sealing members. 
10 An expansion cone 1 085 defining a passage 1 090 for receiving the tubular 

support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 1 00 defining a passage 1 105 for receiving the tubular support member 1 005 
is coupled to the bottom of th$ expansion cone 1085 for supporting and actuating the 
expansion cone. 

15 In a prefened embodiment, the support members 1005 and 1 035. the 

expansion cone 1045. the expansion cone launcher 1060, the shoe 1065, and the 
expandable tubular member 1080 are provided substantially as disclosed in one or 
more of the following: (1 ) U.S. patent application serial no. 09/454. 1 39. attomey dodcet 
no. 25791.03.02. filed on 12^/1999. (2) U.S. patent application serial no. 09/510.913. 
20 attomey dodcet no. 25791.7.02, filed on 2^3/2000, (3) U.S. patent appKcation serial 
no. 09/502.350. attomey docket no. 25791.8.02. filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440,338, attomey docket no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent application serial no, 09/523,460. attomey docket no. 25791.11.02, filed 
on 3/10/2000, (6) y,S. patent application serial no. 09/512,895, attomey docket no. 
25 25791 .12.02, filed on 2/24/2000, (7) U.S. patent applicatk>n serial no. 09/51 1 ,941 . 
attomey docket no. 25791 .16.02, filed on 2/24/2000, (8) U.S. patent application serial 

no. 09/588,946, attomey rincket no, 75791.17.02, filed on 6/7/2000. f9) U.S. patent 

application serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, 
(10) PCT patent applicatton serial no. PCT/USOO/18635. attomey docket no. 
30 25791 .25.02, filed on 7/9/2000, (11) U.S. provistorial patent appOcation serial no. 
60/162,671. attomey docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047, attomey docket no. 25791.29. filed on 
9/16/1999. (13) U.S. provisional patent application serial no. 60/159.082. attomey 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial 
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no. 60/159.039. attorney docket no. 25791.36, filed on 10/12/1999. (15) U.S. 
provisiona! patent application serial no. 60/159,033, attorney dod^et no, 25791.37. filed 

on 10/12/1999, (16) U.S. provisional patent application serial no. . . 

attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisiona! patent 

5 application serial no. 60/165,228, attorney docket no. 25791.39, filed on 11/12/1999, 
(18) U.S. provistonal patent application serial no. attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

. attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. _, attorney docket no. 25791.47, 

1 0 filed on 9/1 8/2000, the disck>sures of wtiich are incorporated herein by reference. 

As illustrated in Fig. 8b, in a prefen^ed embodiment, during placement of the 
apparatus 1000 within the wellbore 10, fluidic materials 1110 within the wellbore 10 are 
conveyed through the apparatus 1000 through the passages 1010, 1020. 1040 and 
1070 to a location above the apparatus 1000. In this manner, surge pressures during 

15 placement of the apparatus 1000 within the wellbore 10 are reduced. In a preferred 
embodiment, the apparatus 1000 is initially positioned within the wellbore 10 such that 
the top portion of the tubular member 1080 overiaps with the recess 910 of the 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
member 1080 may be radially expanded into contact with and cogpled to the recess 

20 910 of the preexisting casing 900. 

As illustrated In Fig. 8c. a fluidic material 1115 may then be injected through the 
apparatus 1000 through the passages 101 0, 1 020, 1040. and 1070 in order to test the 
proper operation of these passages. 

As illustrated in Fig. 8d. a hardenable fluidic sealing material 1 120 may then be 

25 injected through the apparatus 1000 through the passages 1010, 1020, 1040. and 
1070 into the annulus between the apparatus and the wellbore 10. In this manner, an 
annular barrier to fluid migration into and out of the wellbore 10 may be fonmed around 
the radially expand^ expansion cone launcher 1060 and expandable tubular member 
1 080. The hardenable fluidic sealing material, may include, for example, a cement 

30 mixture. In several altemativeembodinients. the injection of the hardenable flukllc 
seating material 1120 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 1 120 is compressible, before, during and/or after, 
the curing process. 
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As illustrated in Fig. 8e. a non-hardenable fluidic material 1 125 may then be 
injected into the apparatus 1000 through the passages 1010. 1020 and 1040. A ball 
plug 1 130. or other similar device, may then be injected with the fluidic material 1 125 to 
thereby seal off the passage 1070. In this manner, the region 1075 may be 

5 pressurized by the contihued Injection of the fluidic material 1 125 into the apparatus 
1000. Furthermore, in this manner, Ihe actuating chambers. 102Sa and 1025b. of the 
iodung device 1015 nnay be pressurized. In this manner, the tubular member 1080 
may be held In a substantially statidhary position by the loddng device 1 01 5. 

As illustrated in Fig. 8f, the expansion cone 1085 may then be actuated in the 

10 downward direction by a direct application of axial force using the support member 
1100 and/or through the application of fluid force. The axial displacement of the 
expansion cone 1085 may plastically deform and radially expand the upper portion of 
the expandable tubular member 1080. In this manner, the upper portion of the 
. expandable tubular member lOSO.may be precisely coupled to the recess 910 of the 

15 preexisting casing 900. 

During the downward actuation of the expansion cone 1 085, the locking 
member 1015 preferably prevents axial displacement of the tubular member 1080. In a 
preferred embodiment, the lod<ing member 1015 is positioned proximate the upper 
portion of the tubular member 1080 in order to prevent buckling of the tubular member 

20 1 080 during the radial expanston of the upper portion of the tubular member. In an 
alternative embodiment, the k>cklng member 1015 is omitted and the interference 
between the intemnediate portion 1060b of the expansion cone launcher 1060 and the 
expansion cone 1 045 prevents the axial displacement of the tubular member 1 080 
during the radial expansion of the upper portion of thq tubular member. 

25 As illustrated in Fig. 8g, the expansion cone 1085 and 1 100 may then be raised 

out of the wellbore 10. 

— As4>lustfated in Fig Rh th e m ntinnfid injftction of the fluidic material 1 125 Into 

the apparatus 1000 may then cause the expansion cone launcher 1060 and the 
- expandable tubular member 1080 to be plastk:£|lty deformed and radially expanded off 

30 of the expanston cone 1045. In this manner, the expansion cone 1045 Is displaced 
relative to the expansk>n cone launcher 1060 and expandable tubular memtier 1080 in 
the axial direction. In a preferred embodiment, the axial forces created during the 
radial expansion process are greater than the axial forces generated by the locking 
device 1015. As will be. recognized by persons having ordinary skill in the art. the 
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precise relationship between these axial forces will vary as a function of the operating 
characteristics of the locking device 1015 and the metallurgical properties of the 
expansion cone launcher 1060 and expandat>le tubular 1080. In an alternative 
ernbodiinent, the bperafmg pressures of the actuating charnbers, 1025a and 1025b, 

5 and the region 1075 are separately controllable by providing separate and dedicated 
fluid passages for pressurizing each. 

As illustrated in Fig. 81, after completing the plastic defomnation and radial 
expansion of the tubular member 1080, the hardenable fluidic sealing material is 
allowed to cure to thereby form an annular body 1 130 that provides a barrier to fluid 

10 flow into or out of the weltbore 10. The shoe 1065 hiay then removed by drilling out the 
shoe using a conventional drilling device. A new section of the weilbore 10 may also 
be drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular member 
1080. 

15 In an alternative embodiment, the annular txxiy 1 1 30 may be omitted. In 

several alternative embodiments, the annular body 1 130 may be radially compressed 
t)efore. during and/or after curing. 

Refening to Fig. 8j, the tubular member 1080 may be radially expanded again 
using one or more of ttie methods described above to provide an mono-diameter 

20 weilbore casing. 

Referring to Fig. da, a weilbore 1200 includes an upper preexisting casing 1205 
and a tower preexisting casing 1210. The casings, 1205 and 1210. may further include 
outer annular layers of fluidic sealing materials such as. for example, cement The 
ends of the casings. 1205 and 1210. are separated by a gap 1215. 

25 Refening to Fig. 9b. a tubular member 1 220 may ttien be coupled to the 

opposing ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. in a 
preferred embodiment, the tubular member 1220 is coupled to the opposing ends of 
the casings. 1205 and 1210, by plastically deforming and radially expanding the tubular 
^ v rhember 1 220 using.one or more of the methods and apparatus described and 

30 referenced at)ove: 

Referring to Fig. 9c, a radial expansion device 1225 may then be positioned 
within the tubular member 1220. In a preferred emtjodimenl. the length of the radial 
expansion device 1225 is greater ttian or equal to the axial length of the tubular 
member 1220. In several alternative embodiments, the radial expansion device 1225 
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may be any number of conventional radial expansion devices such as. for example, . 
expansion cones actuated by hydraulic and/or direct axial force, roller expansion 
devices, and/or expandable hydraulic bladders. 

Refening to Figs. 9d and 9e, after actuation arxj subsequent de*actuation and 

5 removal of the radial expansion device 1 225. the inside diameters of the casings. 1 205 
and 1210, are substantially equal to the iriside diameter of the tubular member 1220. 
In this manner, a mono-diameter wetlbore casing may be formed. 

Referring to Rg. 10, a welibore 1300 includes an outer tubular member 1305 
and an Inner tubular member 1310. in a prefen^ed embodiment, the tubular members, 

10 1 305 and 1 31 0, are plastically deformed and radially expanded using one or niore of 
the methods and apparatus described and referenced above. In this nr«nner, a 
welibore casing may be provided whose burst and collapse strength may be precisely 
controlled by varying the number, thickness, and/or material properties of the tubular 
members, 1305 and 1310. 

15 Referring to Fig. 1 la. a welibore 1400 includes a casing 1405 that is coupled to 

a preexisting casing 1410. In a preferred embodiment, one or more sealing members 
1415 are coupled to the exterior of the upper portion of the tubular member 1405 in 
order to optimally seal the interface between the tubular member 1405 and the 
preexisting casing 1410. In a preferred embodiment, the tubular number 1405 is 

20 plastically defonned and radially expanded using conventional methods. and/or one or 
more of the methods and apparatus described and referenced above. In an exemplary 
embodiment, the outside diameter of the tubular member 1405 prior to the radial 
expansion process is ODo. the wall thickness of the tubular member 1405 prior to the 
radial expansion process is to, the outsUe diametetr of the tubular member following the 

25 radial expanston process is OPi, and the wall thickoess of the tubular member 
folk>wing the radial expansion process is ti. 

'■ R e f e ning to R g 1 1h a tith n lar mprnhpr 14?n may then he coupled to the lower 

portion of the tubular member 1405 by plastically deforming and radially expanding the 
tubular member 1420 using conventional methods and/or one or more of the methods 

30 and apparakis described and referenced above. M a prefen^ed enUxxJiment. the 

ext^r surface of the upper portion of the tubular member 1420 includes one or more 
sealing members for sealing the interface between tfie tubular member 1420 and the 
bjbular member 1405. 
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Referring to Fig. 11c, lower portion of the tubular nr^ember 1405 and the tubular 
member 1420 may t>e radially expanded again to provide a mono-diameter wellbore 
casing. The additional radial expansion may be provided using conventional methods 
and/or one or more of the methods and apparatus described and referenced above. In - 
5 an exemplary embodiment, the outside diameter and wall thickness of the lower portion 
or the tubular mennber 1405 aiRer the additional radial expansion process are OD2 and 

The radial expansion process of Figs. 1 1b-1 1c can then be repeated to provide 
a mono-diameter wellbore casing of virtually unlimited length. . 

10 In several alternative embodiments, the ordering of the radial expansions of the 

tubular niembers, 1405 and 1420, may be changed. For example, the first tubular 
member 1405 nnay be plastically deformed and radially expanded to provide a lower 
portion having the outside diameter OD2 and the remaining portion having the outside 
diameter OO1. The tubular member 1420 may then be plastically deformed and 

1 5 radially expanded one or more times until the inside diameters of the tubular members, 
1405 and 1420, are substantially equal. The plastic deformations and radial 
expansions of the tubular members, 1405 and 1420, may be provided using 
conventional methods and/or one or more of the methods and apparatus described and 
referenced above. 

20 In an exemplary embodiment, the total expansion strain E of the tubular 

member 1405 may be expressed by the fdlomng equation: 

E^(OD2'ODo)/ODo (1) 

where ODo = original outside diameter, 
25 OOt = outside diameter after 1 ^ radial expansion; and 

OD2 = outside diameter after 2"^ radial expansion. 
Furthermore, in an exemplary embodiment, where: (1) the exterior surface of 
the upper portion of the tubular member 1420 includes sealing members, and (2) the 
radial spacing between the tubular memt>er 1405 and the wellbore 1400 prior to the 
30 first radial expansion is equal to d, the outside diameters* OD| and OD2. of the tubular 
member 1405 folldwing the first and second radial expansions may be expressed as: 

OA = ODo+2rf+2r, (2) 

OA = 0/3^ + 2/? + 2/2 (3) 
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where ODo = the original outside diameter of the tubular member 1405; 

OD| = the outside diameter of the tubular memt>er 1405 

following the ftet radial expansion; 
OD2 = the outside diameterofthe tubular niember 1405 

following the second radial expansion; 
d = the radial spacing between the tubular member 
1405 and the wellbore prior to the first radial 
expansion; 

ti = the wall thickness of the tubular member 1 405 

after the first radial expansion; 
ta the wall thickness of the tubular member 1405 

after the second radial expansion; and 
R =^ the thkdcness (tf sealing memtjer provided on the 
exterior surface of the tubular member 1420. 
Furthemiore, in an exemplary embodinnent, for d approximately equal to o:25 
inches and R approximately equal to 0.1 Inches, equation (1) can be approximated as: 

£ = (o.7"+3.7ro)/OZ)o (4) 

where to = the original wall thickness of the tubular member 

20 1405. 

In an exemplary embodiment, the total expansion strain of the tubular member 
1405 shoukJ be less than or equal to 0.3 in order to maximize the burst and collapse 
strength of the expandable tubular member. Therefore, from equation (4) the ratio of 
the original outside diameter to the original wall thickness (ODo/to) may be expressed 
25 as: 

"~" OZ)o//o>3^/(03-0.770Do) (5) ■ 

Thus. In a preferred embodiment, for ODo less than 10 inches, the pptimal ratio 
of the original outside diameter to the original wall thickness (OOo/to) may be expressed 
30 as: 

0DJt,>\6 (6) 



10 
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In this manner, for typical tubular members, the burst and collapse strength of 
the tubular members following one or more radial expansions are maximized when the 
relationship in equation (6) is satisfied. Furthermore, the relationships expressed in 
equations (1 ) through (6) are valid regardless of the order or type of the radial 
5 expansions of the tubular member 1405. More generally, the relationships expressed 
in equations (1) through (6) may be applied to the radial expansion of structures having 
a wide range of profiles such as, for example, triangular, rectangular, and oval. 

An apparatus for plastically defomiing and radially expanding a tubular member 
has been described that includes nrteans for plastically deforming and radially 

10 expanding a first portion of the tubular member to a first outside diameter, and means 
for plastically defomning and radially expanding a second portion of the tubular member 
to a second outside diameter. In a preferred embodiment, the first outside diameter Is 
greater than the second outside diameter. In a preferred embodiment, the nneans for 
plastically deforming and radially expanding the first portion of the tubular member to 

15 the first outside diameter is removable. In a preferred embodiment, the means for 
plastically deforming and radially expanding the first portion of the tubular member to 
the first outside diameter js frangible. In a preferred embodiment, the means for 
plastically defonning and radially expanding the first portion of the tubular member to 
the first outside diameter is elastic. In a preferred embodiment, the means for 

20 plastically defonning and radially expanding the first portion of the tubular member to 
the first outside diameter includes means for applying a radial force to the first portion 
of the tubular member. In a prefenred embodiment, the means for plastically defomning 
and radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. In a preferred embodiment, the means for plastically deforming 

25 and radially expanding the first portion of the tubular member to the first outside 

diameter includes rolling means for applying radial pressure to the first portion of the 
tubular member. 

An apparatus; for plastically defonning and radially expanding a tubular member 
has also been described that includes a tubular support niember including a first fluid 
30 passage, an expansion cone coupled to the hjbular support member having a second 
fluid passage fiuididy coupled to tiie first fluid passage and an outer conical surface, a 
removable annular conical sleeve coupled to the outer conical surface of the expansion 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular memt>er, and a shoe having a valveable passage coupled to an 
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end of the expansion cone launcher. In a preferred embodiment, the conical sleeve is 
frangible. In a prefen^ed embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. 

A method of plastically defomiing and radially expanding a tubular member has 
5 also been descnl)ed that includes plastically deforming and radiaRy escpanding a portion 
of the tubular member to a first outside diameter, and plastical^ deforming and radially 
expanding another portion of the tubular member to a sea)nd outside diann^ in a 
preferred embodiment, the first diameter is greater than the second dianneter In a 
preferred embodiment, plastically defonning and radially expanding the portion of the 
10 tubular member includes applying a radial force to the portion of the tubular member 
using a conical sleeve. In a preferred embodiment, conical sleeve is frangible. In a 
preferred embodiment, the conical sleeve is elastic. In a preferred embodiment, the 
conical sleeve includes a plurality of arcuate elements. In a prefen-ed enribodiment, 
plastically deforming and radially expanding the portion of the tubular member includes 
1 5 applying a radial force to the portion of the tubular member using an inflatable bladder. 
In a prefenBd en*odiment, plastically defomiing and radially expanding the portion of 
the tubular member Includes applying a radial force to the portion of the tubular 
member using a roller expansion device. 

A method of coupling a first tubular member to a second tubular member has 
20 also been described that includes plastically defonning and radially expanding a first 
portion of the first tubular member to a first outskle diameter, plastically defomiing and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overiapping reiation to the first portion of the first tubular member, plastically defonning 
25 arKl radially expanding' ttie second tubular member to a third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 

o uts i d e di a m e t er. Th e insi d e di a meters of th e first and s econd tt i bu l ar members after 

the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the first outside diameter is greater than the second outside diameter. In 
30 a preferred embodiment, plastically deforming and radially expanding the first portion of 
the first tubular member Includes applying a radial force to the portion of the tubular 
member using a conical sleeve. In a prefened embodiment, the conical sleeve is 
frangible. In a prefenred embodiment, the conical sleeve is elastic. In a prefened 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a prefen-ed 
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embodiment, plastically defomriing and radially expanding the.first portion of the first 
tubular member includes applying a radial force to the first portion of the first foibular 
member using an inflatable bladder. In a preferred embodiment, plasticatty deforming 
and radlafly expanding the first portion of the first tubular member includes applying a 
5 radial force to the first portion of the first tubular member using a roller expansion 
device. 

An apparatus for coupling a first tubular member to a second tubular memt)er 
has also been described that includes means for plastically defonming and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 

1 0 for plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside tiie first tubular member in overlapping relation to the first portion of ttie 
first tubular member, nrieans for plastically deforming and radiaHy expanding the 
second tubular member to a tiiird outside diameter, and means for plastically defonnlng 

1 5 and radially expanding the second tubular member to a fourth outside diameter. The 
inside diameters of the first and second tubular members after the plastic defomiations 
and radial expansions are substantially equal, In a preferred emtxxJiment, ttie first 
outside diameter is greater U^n the second outside diameter. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 

20 portion of the first tubular member Includes means for applying a radial force to ttie 
portion of the tubular member using a conical sleeve. In a preferred embodiment, ttie 
conical sleeve Is frangible. In a preferred embodiment, ttie conli!:al sleeve is elastic. In 
a preferred emtxxliment, tfie conical sleeve includes a plurality of arcuate elements. In 
a preferred emtxxJiment, the means for plastically deforming and radially expanding the 

25 first portion of the tirst tubular member includes means for applying a radial force to the 
first portion of ttie first tubular member using an inflatable bladder. In a pretended 
embodiment, ttie means for plastically defonntng and radially expanding ttie first 
portion of ttie first tubular member includes means for applying a radial force to ttie first 
portion of ttie firstti^lar member using a roller expansion device. 

30 An apparatijs for fomiing a wellbore casing i^nthin a wellbore has also been 

descnbed that includes means for supporting a tubular member within ttie welltxwe, 
means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter, and means for plastically deforming and radially 
expanding a second portion of the tubular niember to a second outside diameter. In a 



46 



preferred embodiment, the first outside diameter is greater than the secofKj outside 
diameter In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the tubular member to the first outside diameter is 
removable. In a prefenned embodiment, the means for ptasticatly deforming and 

5 radially expanding the first portion of the tubular nrienr^er to the first outside diarheter is 
frangible. In a preened embodiment, the means fbr plastically deforming and radially 
expanding the first portion of the tubular member to the first outside diameter is elastia 
In a preferred embodiment the means for plastically deforming and radially expanding 
the first portion of the tubular nnember to tt^e first outside diameter includes means for 

10 appl^ng a radial force to the first portion of the tubular member, in a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of tiie tubular member to the first outside diameter is infiatable. In a preferred 
embodiment, the means for plastically defonming and radially expanding ttie first 
portion of tiie tubular member to the first outside dianneter includes roiling means for 

15 applying radial pressure to the first portion of the tubular ntember. In a pr^erred 
embodiment, the apparatus further includes means for forming an annular body of a 
fiuidic sealing material within an armulus between the tubular member and the 
wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 

20 described that includes a tubular support memt>er Including a first fluid passage, an 
expansion cone coupled to the tubular support menit>er having a second fluid passage 
fluidicly coupled to the first fluid passage and an outer conical surface, a removable 
annular conical sleeve coupled to the outer conical surface of the expansion cone, an 
annular expansion cone launcher coupled to the conical sleeve and a lower portion of 

25 the tubular member, and a shoe having a valveabie_ passage coupled to an end of the 
expansion cone launcher. In a preferred emt)odiment, the conical sleeve is frangible. 

In a prpfpnr^ri ftmhnriimptnt, thft cnt\\ca\ sleeve is elastic. In a preferred embodiment 

the conical sleeve includes a plurality of arcuate elements. 

A method of forming a wellbore casing within a wellbore has also been 

30 described that Includes supporting a tubular member within a wellbore. plastically 
defomning and radially expanding a portiori of the tubular member to a first outside 
diameter, and plastically defomning and radially expanding another portion of tiie 
tubular member to a second outside diameter. In a preferred embodiment the first 
diameter is greater than the second diameter. In a preferred embodinient plastically 
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deforming and radially expanding the portion of the tubular member includes applying a | 
radial force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment the conical { 
sleeve is elastic. In a prefen^d embodiment, the conical sleeve indudes a plurality o 

5 arcuate elements, fn a prefened embodiment, plastically j 
expanding the portion of the tubular member includes applying a radtal force to the 
portion of the tubular member using an inflatable bladder. In a preferred embodiment, j 
plastically deforming and radially expanding the portiori of the tubular member includes * 
applying a radial force to the portion of the tubular member using a roller expansion j 

10 device. In a preferred embodiment, the method further includes Injecting an aniiular * 
body of a hardenablefiuidic sealing nriaterial into an annulus between the tubular , 
member and the wellbore. In a preferred embodiment, the method further Includes i 
curing the annular tiody of hardenable fluldic seafing material. ^ 
A method of fpnning a mono*diameter wellbore casing wthin a wellbore has i 

1 5 also been described that includes supporting a first tubular member v\nthin the weIlt>ore. 
plastically defonning and radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relaition to the first portion of the 

20 first tubular member, plastically defonning and radially expanding the second tubular 
member to a third outside diameter, and plastically defonning and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the . 

i 

first and second tubular members after the plastic deformations and radial expansions 
are substantially equal. In a preferred embodiment, ttie first outside diameter is greater 

25 than the second outside diameter. In a preferred embodiment, plastically defonning 
and radially expariding tiie first portion of \he first tubular member includes applying a 
radial force to the portion of tt^e tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, tiie conical , 
sleeve is elastic. In a preferred embodirnent, the conical sleeve Indudes a plurality of i 

30 arcuate elements. In a preferred embodnnent, plastically defonning and radially 

. expanding the first portion of the first tubular member Indudes applying a radial force to ! 
the first portion of the first tubular member using an iriflatable bladder. In a preferred 
embodiment, plastically deforming and radially expanding tiie first portion of the first j 
tubular member indudes applying a radial force to tiie first portion of tiie first tubular 
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member using a roller expansion device. In a preferred embodiment, the method 
further includes injecting an annular body of a hardenabte fluidic sealing material into 
an annulus between the first tubular member and the wellbore. In a preferred 
embodinnent, the method further includes curing the annular body of hardenable fluidic 
5 sealing material. In a preferred embodiment, the method further includes injecting an 
annular body of a harderiable fluidic sealing material into an annulus between the 
second tubular member and the wellbore. In a preferred embodiment, the method 
further includes curing the annular body <rf hardenable fluidic seating material. 

An apparatus for coupling a first tubular member to a second tubular memt)er 
1 0 has also been described that includes means for plastically defomning and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 
for plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member Inside the first tubular member in overiapping relation to the first portion of the 
1 5 first tubular member, means for plastically deforming and radially expanding the 

second tubular member to a third outside diameter, and means for plastically defonning 
and radially expanding the second tubular meml>er to a fourth outside diameter. The 
inside diameters of the first and second tubular members after the plastic defonmations 
and radial expansions are substantially equal. Iri a preferred embodiment, the first 
20 outside diameter is greater than the second outside diameter. In a preferred 
embodinDent, the means for plastically defomning and radially expanding the first 
portion of the first tubular member Indudes means for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a preferred embodiment, the 
conical sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In 
25 a prefen-ed embodiment, the conical sleeve includes a plurality of arcuate elehients. In 
a preferred emlK)diment, the means foir plastically defonning and radially expanding the 

fir5?t po ft i o^ nf thP firftt fi ihiilar member indudes means for applying a radial force to the 

first portion of the first tubular member using an inflatable bladder. In a preferred 
embodiment, the means for plastically defomning and radially expanding the first 
30 portion of the first tubular member indudes means fa applying a radial force to the first 
portion of the first tubular member using a roller expansion device. In a preferred 
embodiment, the apparatus further indudes means for injecting an annular body of a 
hardenable fluidic sealing material into an annulus between the first tubular member 
and the wellbore. In a preferred embodiment, the apparatus further indudes means for 
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curing the annular body of hardenable fluidic sealing material. In a prefened 
embodiment, the apparatus further Includes means for injecting an arinular t>ody of a 
hardenable fluidit sealing material into an annulus betyfveen the second tubular 
member and the weilbore. In a preferred embodiment, the apparatus further includes 

5 means for curing the annular body of hardenable fluidIc sealing material. 

An apparatus for plastically defonming arid radially expanding a tubular member 
has also been described that includes means for providir^g a lipped portion in a portion 
of the tubular member, and means for plastically deforming and radially expanding 
another portion of the tubular member. 

10 An apparatus for plastically deforming and radially expanding a tubular member 

has also been described that includes a tubular support member Including a first fluid 
passage, an expansion cone coupled to the tubular support member having a second 
fluid passage flutdidy coupled to the first fluid passage and an outer conical surface, an 
annular expansion cone launcher including: a first annular portion ooupled to a lower 

15 portion of the tubular member, a second annular portion coupled to the first annular 
portion that mates with the outer conical surface of the expans'ion cone, a third annular 
portion coupled to the second annular portion having a first outside diameter, and a 
fourth annular portion coupied to the third annular portion having a second outside 
diameter, wherein the second outside diameter is less than the first outside diameter, 

20 and a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

A method of plastically defonning and radially expanding a tubular member has 
also been described that includes providing a lipped portion in a portion of the tubular 
member, and plastically defonning and radially expanding another portion of the tubular 

25 member. 

A method of coupling a first tubular memb^ to a second tubular member has 
also been described that includes providing a lipped portion in a portion of the first 
tubular member, plastically defomiing and radially expanding another portion of the first 
tubular member, positioning the second tubuter member inside the first tubular member 
30 in overiapping relation to the tipped portion of the first tubular nnember, and plastically 
defomiing and radially expanding the second tubular menriber. The inside diameters of 
the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. 



50 



An apparatus for cxwpling a first tubular member to a second tubular member 
has also been described that includes nneans for providing a lipped portion in the first _ 
tubular member, means for plastically defonning and radially expanding another portion 
of the first tubular member, means for positioning the second tubular member inside 
5 the first tubular meatier in overlapping relation to the lipped portion of the first tubular 
member, and means for plastically defonning and radially expanding the second 
tubular member. The inside diameters of the first and second tubular members after 
the plasBc defbnnatlons and radial expansions are substantially equal. 

An apparatus for forming a wellbore casing within a wellbore has also been 
1 0 described that includes means for supporting a tubular member within the wellbore, 
means for providing a lipped portion in the tubular member, and means for plastically 
defonning and radially expanding another portion of the tubular member to a second 
outside diameter. 

An apparatus for forming a wellbore casing within a wellbore has also been 
1 5 described that includes a tubuter support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fiuldidy coupled to the first fluid passage and an outer conical surface, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 
20 mates with the outer conical surface of the expansion cone, a third annular portion 
coupled to the second annular portion having a first outside diameter, and a fourth 
annular portion coupled to the tiiinj annular portion having a second outside dianrieter, 
wherein ttie second outside diameter is less than the first outside diameter, and a shoe 
having a valveable passage coupled to fourth annular portion of ttie expansion cone 
25 launcher. 

A method of fonning a wellbore casing in a wellbore has also been described 

- that indudes^upporting a tubular member, within the wellbore. providing ^ lipped 

portion in a portion of tiie tubular member, and plastically deforming and radially 
expanding another portion of the tubular member. In a prefenred fembodinr^ent. tiie 
30 mettKxJ further Includes injecting a hardenable fluidic sealing material in an annulus 
between ttie tubular member and the wellbore. In a prefemed embodiment, the mettxxJ 
furUier Includes curing ttie fluidic sealing material. 

A method of forming a mononjiameter wellbore casing within a wellbore has 
also been described ttiat includes supporting a first tubular member within the wellbore. 



51 



providing a lipped portion in a portion of the first tubular member, plastically deforming 
and radially expanding another portion of the first tubular memt)er, positioning the 
secorKJ tubular member inside the first tubular member in overiapping relation to the 
fipped portion of the first tubular member, and plastically deforming and radially 
5 expanding the second tubular member The inside diameters of the first and second 
tubular members after the plastic defomnations and radial expansions are substantially 
equal. In a prefenred embodiment the n^thod further includes Injecting a ^ 
fluidic sealing matenal in an annulus between ttte first tubular member and ttie 
wellbore. In a preferred embodiment, the method further includes curing the fluidic 

10 sealing material. In a preferred embodiment, the method further includes injecting a 
hardenable fluidic sealing material in dn annulus between ttie second tubular member 
and the wellbore. In a preferred embodiment, the method further includes curing ttie 
fluidic sealing material. 

An apparatus for fonming a mono-diameter wellbore casing within a wellbore 

15 has also been described that Includes means for providing a lipped portion in the first 
tubular member, means for plastically deforming and radially expanding anotiier portion 
of the first tubular memljer, means for positioning the second tubular member inside 
ttie first tubular member in overiapping relation to tiie lipped portion of the first tubular 
member, and means for plastically defomiing and radially expanding the second 
* 20 tubular member. The inside diameters of ttie first and second tubular members after 
ttie plastic defomnations and radial expansions are substantially equal. In a preferred 
embodiment, the apparatus furttier Includes means for Injecting a hardenable fluidic 
sealing material In an annulus between the first tubular member and the wellbore. In a 
pretended embodiment, ttie apparatus further includes means for curing ttie fluidic 

25 sealing material. In a preferred embodiment, the apparatus furttier includes means for 
injecting a hardenable fluidic sealing material in an annulus between ttie second 
tubular member and the wellbore. In a preferred embodiment, the apparatus further 
includes means for curing the fluidic sealing material 

An apparatus for plastically defomiing and radially expaiiding a tubular member 

30' has also been described that includes means for plastically defomiing and radially 
expanding a first end of ttie tubular member, and means for plastically defonning and 
radially expanding a second end of ttie tubular member. Iri a preferred embodiment, 
ttie apparatus furttier includes means for anchoring ttie tubular member during ttte 
radial expansion. 
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An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member Including a first 
passage, an expansion cone coupled to the tubular support having a second passage 
fluididy coupled to the first passage and an outer conicai surface, an annular 
5 expansion cone launcher movably coupled to outer oonlcal surface of the expansion 
cone, an expandable tubular member coupled to an end of the annular expansion cone 
launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support niember. The annular expansion cones are positioned 

10 in opposite orientations. In a preferred embodiment, the annular expansion cone is 
adapted to plastically deform and radially expand a first end of the expandable tubular 
member and the other annular expansion cone is adapted to plastically deform and 
radially e)q>and a second end of the expandable tutnilar member. In a preferred 
embodiment; the apparatus further includes an anchoring member coupled to the 

1 5 tubular support member adapted to hdd the expandable tubular. 

A method of plastically defonning and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a first 
end of the tubular member, and plastically deforming and radially expanding a second 
end of the tubular member. In a preferred emtxxiiment, the method further includes 

20 anchoring the tubular member during the radial expansion. In a preferred embodiment, 
the first end of ttie tubular member is plastically deformed and radially expanded before 
the second end. In a preferred embodiment, plastically defomiing and radially 
expanding the second end of the tubular member Includes injecting a fluidic material 
into the tubular member. 

25 A method of coupling a first tubular member to a second tubular member has 

also been described that includes positioning the second tubular member inside the 

f i rr . t tiihiil n r marnhftr i n an n\tf>riapp i ng rplatinn<ship plagtirally rififonrrin g and radially 

expanding the end of the second tubular member that overlaps with tfie first tubular 
member, and plastically deforming and radially expanding the remaining portion of tiie 
30 second tubular member. In a preferred embodiment, the metiiod further iriclude$ 
plastically deforming and radially expanding at least a portion the second tubular 
member. In a preferred embodiment, the inside diameters of the first and second 
tubular members are sut>stantiaily equal after the radial expansions. 



53 



An apparatus for coupling a first tubular member to a second tubular menmber 
. has also been described that includes means for positioning the second tubular 
member inside the first tutnilar member in an overlapping relationship, means for 
plastfcally deforming and radially expanding the end of the second tubular member that 

5 overlaps with the first tubular riiember, and means for plastically deforming and radially 
jsxpanding the remaining portion of the second tubular member. In a preferred 
embodiment, the apparatus further includes means for plastically deforming and 
radially expanding at least a portion of the second tubular member. In a preferred 
embodiment, the Inside dlanr^ters of the first and second tubular members are 

10 substantially equal after the radial expansions. 

An apparatus for forming a wellbore casing within a wetlbore has also been 
described that includes means for supporting a tubular member within the wellbore, 
means for plastically defonntng and radially expanding a first end of the tubular 
. member, and means for plastically deforming and radially expanding a second end of 

15 the tubular member. In a preferred embodiment, the apparatus further includes means 
for anchoring the tubular rinember during the radial expansion. In a preferred 
embodiment, the apparatus further includes means for injecting a hardenable fluidic 
sealir^g material into an annuius between the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 

20 described that Includes a tubular support member including a first passage, an 
expansion cone coupled to the tubular support having a second passage fiuididy 
coupled to the first passage and an outer conical surface,, an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone, an 
expandable tubular member coupled to an end of the annular expansion cone 

25 launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a vaK/eable fluid passage, and another annular expansion cone movably 
coupled to the tubular support member. The annular expansion cones are positioned 
in opposite orientations. In a preferred embodiment, the annular expansion cone Is 
adapted to plastically defomn and radially expand a first end of the expandable tubular 

30 fTvsmber and the other annular expansion cone Is adapted to plastically d 

radially expand a second end of the expandable tubular memtier. In a preferred 
embodiment, the apparatus further includes an anchoring member couplied to the 
tubular support rnember adapted to hold the expandable tubular. 
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A method of forming a wellbore casing within a weilt)ore has also been 
described that indudes plastically defomiing and radially expanding a first end of the 
tubular member, and plastically defomning and radtatly expanding a second end of the 
tubular member. In a preferred embodiment, the method further indudes anchoring the 
5 tubular member during the radial expansion. In a preferred embodiment, the first end 
of the tubular member is plastically defomried and radially expanded before the second 
end. In a preferred enr^tmeht, plasHcally deforming and radially expanding the 
second end of the tubular member includes injecting a fluidic material into the tubular 
member. In a prefen-ed embodiment, the method further includes injecting a 
1 0 . hardenable fluidic sealing material into an annulus between the tubular member and 
the wellbore. 

A method of fomiing a wellbore casing within a wellbore has also been 
described that includes plastically deforming and radially expanding a first tubular 
member within the wellbore. positioning a second tubular member inside the first 

1 5 tubular member in an overiapping relationship, plastically defomning and radially 
expandirtg the end of the second tubular member that overiaps with the first tubular 
member, plastically deforming and radially expanding the remaining portion of the 
second tubular member. In a preferred embodiment, the method further includes 
plastically deforming and radially expanding at least a portion of the second tubular 

20 member. In a preferred embodiment, the inside diameters of the first and second 
tubular members are sut^tantially equal after the radial expansions. In a prefenred 
embodiment, the method further includes irijecting a hardenable fluidic sealing material 
into an annulus between the first tubular member and the wellbore. In a preferred 
embodiment, the method further includes injecting a hardenable fluidic sealing material 

25 into an annulus between the second tubular member and the wellt)ore. 

An apparatus for forming a wellbore casing within a welltx>re has also been 

d es crib e d th at^nctudes^n eans for pl a st i c al ly d eforming a nd radially exp a nding a first 

tubular member within the wellbore. means for positioning the second tubular member 
inside the first tubular member in an overiapping relationship, means for plastically 

30 deforming and radially expanding ttie end of the second tubular member that overiaps 
with the first tubular member, means for plastically deforming and radially expanding 
the remaining portion of the second tubular member. In a preferred emlKxjiment, the 
apparatus further includes means for plastically deforming and radially expanding at 
least a portion of the second tubular memt>er. In a prefen^ed embodiment, the inside 



55 



diameters of the first and second tubular members are substantially equal after the 
radial expansions. In a preferred embodiment, the apparatus further includes means 
for injecting a hardenable ifTuidic sealing material into an annulus between the first 
tubular member and the M/ellbore. in a preferred embodiment, the apparatus further 

5 includes means for injecting a hardenable fluidic sealing material into an annulus 
between the second tubular member and the wellbore. 

An apparatus for bridging an asdal gap between opposing pairs of wellbore 
casing within a wellbore has also been described that includes means for supporting a 
tubular member in overlapping relation to the opposing ends of the wellbore casings, 

10 means for plastically defomning and radially expanding the tubular member, and means 
for plastically defomning and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore has also been described that includes supporting a tubular member in 

15 overtapping relation to the opposing ends of the wellbore casings, plastically deforming 
and radially expanding the tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

A method of fomiing a structure having desired strength characteristics has also 

20 been described that includes providing a first tubular ntember, and plastically deforming 
and radially expanding additional tubular members onto the interior surface of the first 
tubular member until the desired strength characteristics are achieved. 

A method of fomiing a wellbore casing within a wellbore having desired strength 
characteristics has also been described that includes plastically deforming and radially 

25 expanding a first tubular member within the wellbore. and plastically deforming and 
radially expanding additional tubular members onto the interior surface of the first 
tubular member until the desired strength characteristics are achieved. 

A method of coupling a first tubular member to a second tubular member, the 
first tubular member haying an original outside diameter OOo and an original wall 

30 tftickness to. has also been descrit>ed that includes plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
plastically deforming and radially expanding another portion of the first tubular member 
to a second outside diameter, positioning the second tubular member inside the first 
tubular member in overlapping relation to the first portion of the first tubular membier. 



plastically deforming and radially expanding the second tubular mennber to a third 
outside diameter, and plastically defonming and radially expanding the second tubular 
member to a fourth outskle diameter, wherein the inside diameters of the first and 
second tubular members after the plastic deformations arid radial expansions are 
5 substantially equal, arid 

wherein the ratio of the original outside diameter ODo of the first tubular member to the 
original wan thickness to of the first tubular member is greater than or equal to 16. 

A method of fomiing a mononliameter wellbore casing has also been described 
that includes positioning a first tubular member within a wellbore, the first tubular 
10 member having an original outside diameter ODo and an original wall thickness to, 

plastically deforming and radially expanding a first portion of the first tubular nnemt}er to 
a first outside diameter, plastically deforming and radially expanding anotiier portion of 
the first tubular nnember to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
15 . first tubular member, plastically deforming and nadially expanding the second Uibular 
. member to a Uiird outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. TT»e inside diameters of the 
- first and second tubular members after the plastic deformations and radial expansions 
are substantially equal, and wherein the ratio of ttie original outside diameter ODo of 
20 the first tubular member to Uie original, wall thickness tb of the first tubular member is 
greater than or equal to 16. 

An apparaUjs has also been described that includes a plastically deformed and 
radially exparided tubular member having a first portion having a first outside diameter 
. and a remaining portion having a second outside dianneter, wherein the ratio of the 
25 original outside diameter ODq of the first tubular member to the original wall thickness t© 
of the first tubular mernt)er is greater than or equal to 16. 

A n apparat i K ha«; akn h ppn riftftmhftri that indudfis a p lastically defomied and 

radially expanded first tubular member having a first portion having a first outskJe 
diameter and a remaining portton having a second outside diameter, and a plastically 
30 deformed and radially expanded second tubular member coupled to the first portion of 
tiie first tubular member. The ratio of tiie original outside diameter GDq of the first 
tubular member to the original wall thickness to of the first tubutar member is greater 
than or equal to 16. In a preferred embodiment, the inside diameters of the first and 
second tubular members are substantially equal. 
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A welibore casing formed in a wellbore has also been described that includes a 
plastically deformed and radially expanded first tubular member ha\ring a first porfion 
having a first outside diameter and a remaining pbrtkxi having a second outside 
diameter, and a plastically deforrned and radially expanided second tubular member 
5 coupled to the first portion of the first tubular member. The ratio of the original outside 
diameter ODo of the first tubular menrtber to the original wall thickness t© of the first 
tubular member is greater than or equal to 16. In a prefenred errtxxliment, the inside 
diameters of the first and second tubular members are substantially equal. 

An apparatus has also been described that includes a plastically deformed and 
1 0 radially expanded tubular member. In a preferred embodiment, the ratio of the original 
outside diameter ODo of the tubular member to the original wall thickness to of the 
tubular member is greater than or equal to 16. 

In several alternative erhbodiments. the methods and apparatus d^cnT)ed and 
referenced above may be used to form or repair wellbore casings, pipelines, and 
15 structural supports. 

Although this detailed description has shown and described Illustrative 
embodiments of the invention, this description contemplates a wide range of 
modifications, changes, and substitutions. In some instances, one may employ sorne 
features of the present invention without a conBsponding use of the other features. 
20 Accordingly, it is appropriate that readers should construe the apperided dalms 
broadly, and in a manner consistent with the scope of the invention. 
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Claims 

1 An apparatus for plastically deforming and radially expanding a tubular member, 

comprising: 

a tubular support member Including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second fluid 
passage fluididy coupled to the first fluW passage and an outer conical surface; 
an annular expansion oone launcher comprising: 
a first annular portion coupled to a lower portion of the tubular member, 
a second annular portion coupled to the first annular portion that mates with the 
outer conical surface of the expansion cone; 

a third annular portion coupled to the second annular portion having a first 
outside diameter, and 

a fourth annular portion coupled to the third annular portion having a second 
outside diameter, 

wherein the second outside diameter is less than the first outside diameter, and 
a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

2 An apparatus for forming a wellbbre casing within a wellbore, comprising: 
20 a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface; 
an annular expansion cone launcher comprising: 
a first annular portion coupled to a lower portion of the tubular member; 
25 a second annular portion coupled to the first annular portion that mates with the 

outer conical surface of the expansion cone; 

0 third annular portion cnti p lpri tn thp «sAmnd annular pr^in n having a first 

outside diameter; and 

a fourth annular portion coupled to the third annular portion having a second 
30 outside diameter, 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valveable passage coupled to fourth annular portion of the expansion 
cone launcher. 
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1 . An apparatus for plasticaily deforming and radially expanding a tubular nnember, 
comprising: 

means for plastically defonning and radially expanding a first portion of the 
tubular niember to a frst outside diameter; and 
5 means for plastically defonning and radially exparidtng a second portion of the 

tut>uldr member to a second outside diameter. 

2. The apparatus of daim 1 , wherein the first outside diameter is greater than the 
second outside diameter. 

10 . 

3. The apparatus of daim 1 , wherein the means for plastically defonnning and 
f^dlally expanding the first portion of the tubular member to the first outside diameter is 
removable. 

15 4. The apparatus of daim 1 , wherein the means for plastically defonning and 

radially expanding the first portion of the tubular member to the first outside diameter is 

frangible. 

5. The apparatus of daim 1 . wherein the means for plastically deforming and 

20 radially expanding the first portion of the tubular member to the first outside diameter is 

siastic. 

6. The apparatus of daim 1 . wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 

25 comprises means for applying a radial force to the first portion of the tubular member. 

7. The apparatus of daim 1 , wherein the means for plastically defonming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
Inflatable. 

30 

8. The apparatus of daim 1 , wherein the means for plastically defonming and 
radially expanding the first portion of the tubular meml>er to the first outside diameter 
indudes rolling means for applying radial pressure to the first portion of the tubular 
member 
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9, An apparatus for plastically deforming and radially expanding a tubular memt)er, 
comprising: 

a tubular support n«ember including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
. fluid passage fkitdidy coupled to the first fluid passage and an outer 
conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of th? 

expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member, and 
a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

15 10. The apparatus of claims, wherein the conical sleeve is frangible. 

1 1 . The apparatus of daim 9. wherein the conical sleeve is elastic. 

1 2. The apparatus of daim 9, wherein the conical sleeve comprises a plurality of 
20 arcuate elements. 

13. A method of plastically defonning and radially expanding a tubular member, 
comprising: 

plastically defonning and radially expanding a portion of the tubular member to 
25 a first outside diameter; and 

plastically defonning and radially expanding another portion of the tubular 
member to a second outside diameter. 

1 4. The method of daim 1 3, wherein ttie first diameter Is greater than the second 
30 diameter 

15. The method of daim 13, wherein plastically defonming and radially expanding the 
portion of the tubular member comprises: 
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applying a radial force to the portion of the tubular member using a conical 
sleeve. 

16. The method of daim 1 5, wherein the conical sleeve is frangible. 

5 

17. The method of dalm 15, wherein the conical sleeve is elastic. 

1 8. The method of daim 1 5. wherein the conical sleeve comprises a plurality of 
arcuate elements. 

10 

19. The mettKxl of daim 13, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
15 bladder. 

20. The method of daim 1 3, wherein plastically defomning and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
20 expansion device. 

21. A method of coupling a first tubular member to a second tubular meml)er, 
comprising: 

plastically defonning and radially expanding a first portion of the first tubular 
25 member to a first outside diameten 

plastically defonning and radially e)9anding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 
30 plastically defonning and radially expanding the second tubular member to a 

third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter; 
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wherein the Inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

, 2Z Themethodof ctajm 21. wherein the first outsidiB diameter Is 
5 second outside diameter. 

23. The metfiod of daim 21 , wherein plastically deforming and radially expanding the 

first portion of the first tiibuiar nr>ember comprises: 

applying a radial force to the portion of the tubular member using a conical 

ft 

10 sleeve. 

24. The method of claim 23. wherein the conical sleeve is frangible, 

25. The method of daim 23. wherein the conical sleeve is elastic, 

15 

26. The method of daim 23. wherein the conical sleeve comprises a plurality of 
arcuate elements. 

27. The method of daim 21 , wherein plastically defonning and radially expanding the 
20 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

28. The method of daini 21 . wherein plastically deforming and radially expanding the 
25 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 

mllAr PYpanRinn HAVirft [ 

29. An apparatus for coupling a first tubular member to a second tubular member, 
30 comprising: 

means for plastically defonming and radtdlly expanding a first portion of the first 

tubular rne~mt>er to a first outside diameten 
means for plastically deforming and radially expanding another portion of the 

first tubular member to a second outside diameter. 
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means for positioning the second tubufar meml)er inside the first tubular 
member in overlapping relation to the first portion of the first tubular 
memt>er; ) 
means for plastically deforming and radially expanding the second tubular 

member to a third outside diameter, and 
means for plastically defomiing and radially expanding the secorxl tubular 

meml)er to a fourth outside diameter, 
wherein the inside diameters of the first and second tubular meml>ers after the 
plastic deformations and radial expansions are substantially equal. 

30. The apparatus of dalm 29, wherein the first outside diameter is greater than the 
second outside diameter. 

31 . The apparatus of daim 29, wherein the means for plasticalty deforming and 
1 5 radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 
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32. The apparatus ofdaim 31, wherein the conical sleeve is frangible. 

33. The apparatus of daim 31 , wherein the conical sleeve Is elastic. 

34. The apparatus of daim 31 , wherein the conical sleeve comprises a plurality of 
arcuate elements. 

35. The apparatus of daim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: . 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

36. The apparatus of daim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular memt>er comprises: - 

means for applying a radial force to the first portion of the first tubular member 
using a roller expansion device. 
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37. -An apparatus for forming a wellbore casing within a welibore, conDprisIng: 

means for supporting a tubular member within the wellbore; 

means for plastically defonning and radially expanding a first portion of the 

tubular member to a first outside diameter: and 
means for plastically defomnng and radially expanding a second portion of the 

tubular member to a second outside diameter. 

38. the apparatus of daim 37. wherein the first outside diameter Is greater than the 
second outside dianieter. 

39. The apparatus of claim 37, wherein the means for plastically deforming and 
radially e^qpanding the first portion of the tubular member to the first outside diameter is 
removable. 

40. The apparatus of claim 37. wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. 

41 . The apparatus of daim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
elastia 

42. The apparatus of daim 37, wherein the means for plastically defonming and 
radially expanding the first portion of the tubular memt)er to the first outside diameter 
comprises mearis for applying a radial force to the first portion of the tubular member. 

43. The apparatus of daim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
inflatable. 

44. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 
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comprises rolling means for applying radial pressure to the first portion of the. tubular 
member. 

45. The apparatus of daim 37, further comprising: 
5 nneans for forming an annular body of a fluMic sealing materiialvv^ 

annulus between the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore, comprising: 
a tubular support member including a first fluid passage; 
an expansion cone coupled to the tutfular support n^ember having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface; 

a renrx)vable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member, and 
a shoe having a vaiveable passage coupled to an end of the expansion cone 
launcher 

20 47. The apparatus of claim 46. wherein the conical sleeve Is frangible. 

48. The apparatus of daim 46, wherein the conical sleeve is elastic. 

49. The apparatus of daim 46, wherein the conical sleeve comprises a plurality of 
25 arcuate elements. 

50. Amethodoffonming a wellbore casing within a wellbore, comprising: 

supporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member to 
. 30 a first outside diameter; and 

plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. 



46. 
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51 . The method of claim 50, wherein the first diameter is greater than the second 
diameter. 

52. The method of daim 50, wherein piastically defonning and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

53. The method of datm 50. wherein the conical sleeve ts frangible. 

54. The method of claim 50, wherein the conical sleeve is elastia 

55. The method of daim 50, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

56. The method of daim 50, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

57. The method of daim 50, wherein plastically deforming and radially expanding the 
portion of the tubular memt>er comprises: 

applying a radial force to the portion of the tubular member using a rdler 
expansion device. 

58. The method of daim 50, further comprising: 

— ^ injftrting an annular bnd y of a hardenabie fluidic sealing material into an 

annulus between the tutHJlar member and the wellbore. 

59. The method of daim 58, further comprising: 

curing the annular kxxiy of hardenabie fluidic sealing material. 

60. A method of forming a rrano-dlameter wellbore casing within a wellbore. 
comprising: 
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supporting a first tubular memt)er within the wellt>ore; 

plastically defonning and radially expanding a first portion of the first tubular . 

member to a first outside dianieten 
plasticailly defonrung and radially expanding another portion of the first tubular 

member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member, 
plastically deforming and radially expanding the^econd tubular member to a 

third outside diameter, and 
plastically defom^ing and radially expanding the second tubular member to a 

fourth outside diameter; 
wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are sutxstantiatly equal. 

61 The method of claim 60, wherein the first outside diameter is greater than the 
second outside diameter 

62. The method of daim 60, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member usir^g a conical 
sleeved 

63. The method of daim 62, wherein the conical sleeve is frangible. 

64. The method of daim 62, wherein the conical sleeve is elastic. 

65. The method of daim 62, wherein the conical sleeve comprises a plurality of 
arcuate elenients. 

66. The method of daim 60, wherein plastically deforming and radially expanding the 
first portion of the first tubular nnember comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 
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67. The method of claim 60. wherein plastically defomiing and radialiy expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

5 

68. The method of daim 60, further comprising: 

injecting an annular body of a hardenaWe fluidic sealing material into an 
annulus between the first tubular member and the wellbore. 

10 69. The method of daim 68p further comprising: 

curing the annular body of hardenable fluidic sealing material. 

70. The method of daim 60, further comprising: 

injecting an annular body of a hardenable fluidic sealing nnaterial into an 
15 annulus between the second tubular member and the wellbore. 

71 . The method of daim 70, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

20 72. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter; 
means for plastically deforming and radially expanding another portion of the 
25 first tubular member to a second outside diameter, 

means for positioning the second tubular member inside the first tubular 

ryiAmhftr in overtapp in g relation to the first portion of the first tubular 

member, 

means for plastically deforming and radially expanding the second tubular 
30 member to a third outside diameterr and 

means for plastically defonrtng and radially expariding the second tubular 

member to a fourth outside diameter; 
wherein the Inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions ^re substantially equal. 
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73. The apparatus of daim 72, wherein the first outside diameter is greater than the 
second outside diameter. 

74. The apparatus df daim 72, wherein the means for plastically defonming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. . 

75. The apparatus of claim 74. wherein the conical sleeve is frangible. 

76. The apparatus of daim 74, wherein the qonical sleeve is elastic. 

77. The apparatus of daim 74, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

78. The apparatus of daim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

79. The apparatus of claim 72; wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular memk}er 
using a roller expansion device. 

80. The apparatus of daim 72, further comprising: 

means for injecting an annular body of a hardenabie fluidic sealing material into 
an annulus between the first tubular nnemt>er and the wellbore. 

81 . The apparatus of daim 80, further comprising: 

means for curing the annular body of hardenabte fluidic sealing material. 

82. The apparatus of daim 72, further comprising: 
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means for injecting an annular body of a hardenabie fluidic sealing material into 
an annulus between the second tubular member and the wellbore. 

83. The apparatus'of daim 82, further comprising: 

means for curing the annular body of hardenabie fluidic sealing material. 

84. An apparatus for plasficafly deforming and radiallyVxpanding a tubular member, 
comprising: 

means for providing a lipped portion in a portion of the tubular memt>en and 
means for plastically deforming and radially expanding another portion of the 
tubular member. 

85. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface; 
an annular expansion cone launcher comprising: 

a firdt annular portion coupled to a lower portion of the tubular member, 
a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 

first outside diameter; and 
a fourth annular portion coupled to the third annular portion haying a 
second outside diameter, 

wh e rein the sec o n d oi i t^ iHp rliamfitftr is I fiss than the first outside 

diameter; and 

a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

86. A method of plastically deforming and radially expanding a tubular member, 

comprising: 

providing a lipped portion in a portion of the tubular member, and 
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plastically deforming and radially expanding another portidn of the tubular 
member. 

87. A method of coupling a first tubular member to a second tubular member, 
comprising: 

providing a lipped portion in a portion of the first tubular member, 
plastically defonning and radially expanding another portion of the first tubular 
member, 

positioning the second tubular member inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular member, and 

plastically defomrting and radially expanding the second tubular member; 

wherein the Inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

88. . An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for providing a lipped portion in the first tubular member; 

means for plastically deforming and radially expanding another portion of the 

first tubular member; 
means for positioning the second tubular member inside the first tubular 

member in overlapping relation to the lipped portion of the first tubular 

member; and 

means for plastically defonning and radially expanding the second tubular 
member; 

wherein the inside diameters of the first and second tubular rriembers after the 
plastic defomnations and radial expansions are substantially equal. 

89. An apparatus for fpmiing a wellbore casing within a wellbore. comprising: 

means for supporting a tubular member within the wellbore; 
means for providing a lipped portion in the tubular mentber; and 
means for plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

90. An apparatus for fonming a wellbore casing within a wellbore. comprising: 
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a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluldidy coupled to the first fluid passage and an outer 
conical surface; 
5 an annular expansion cone launcher comprising: 

a fiiBt annular portion coupled to a lower portion of the tubular member; 
a second annular portion coupled to the first annudar portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 
10 first outside diameter, and 

a fourth annular portion coupled to the third annular portion having a 

second outside diameter, 
wherein the second outside diameter is less than the first outside 
diameter; and 

1 5 a shoe having a vaWeable passage coupled to fourth annular portion of the 

expansion cone launcher. 

91 . A method of forming a wellbore casing in a wellbore. comprising: 

supporting a tubular member within the wellbore; 
20 providing a lipped portion In a portion of the tubular member, and 

plastically deforming and radially expanding another portion of the tubular 
member. 

92. The method of daim 91 . further comprising: 

25 injecting a hardenable fluidic sealing material in an annulus between the tubular 

niemt>er and the wellbore. 



93. The method of daim 92, further comprising: 
curing the fluidic sealing material. 

94. A method of forming a mono-diameter wellbore casing within a wellbore. 
comprisirig: 

supporting a first tubular member within the wellbore; 

providing a lipped portion in a portion of the first tubular member, 
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plastically deforming and radially expanding another portion of the first tubular 
nnemben 

positioning the second tubular nrtember inside the first tubular noember in 

overlapping relation to the lipped portion of the first tubular member, and 
5 plasticany defonrihg and radially expanding the second tubular member, 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

95. The method of daim 94, further comprising: 

10 injecting a hardenable fluidic sealing material in an annulus between the first 

tubular member and the weilbore. 

96. The method of claim 95, further comprising: 
curing the fluidic seating material. 

15 

9/. The method of daim 94, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the second 
tubular member and the weilbore. 

20 98. The method of daim 97, further comprising: 
curing the fluidic sealing material, 

99. An apparatus for fonming a mono-diameter weilbore casing within a weilbore, 

tx)mprising: 

25 means for providing a lipped portion in the first tubular member, 

means for plastically defonriing and radially expanding another portion of the 

first tubular mem^r; 
means for positioning the second tubular member inside the first tubular 

nnember in overiapping relation to the lipped porUon of the first tubular 
30 member; and 

means for plastically deforming and radially expanding the second tubular 
member; 

wherein the inside diameters of the first and second tubular members after the. 
plastic defonnations and radial expansions are substantially equal. 
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1 00. The apparatus of daim 99, further comprising: 

means for injecting a hardenaUe fluidic sealing material in an annulus between 
the first tubular member and the wellbore. 

101 . The apparatus of dalm 100, further comprising: 
means for curing the fluidic sealing material. 



102. The apparatus of claim 99, further comprising: 

10 means for injecting a hardenable fluidic seaftng material in an annulus between 

the second tubular member and the wellbore. 

103. the apparatus of daim 102, further comprising: 
means for curing the fluidic sealing material. 

15 

104. An apparatus for plastically deforming and radially expanding a tubular memt>er, 
comprising: 

means for plastically deforming and radially expanding a first end of the tubular 
member, and 

20 means for plastically deforming and radially expanding a second end of the 

tubular member. 

105. The apparatus of daim 104, further comprising: 

means for anchoring the tubular member during the radial expansion. 

25 

1 06. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: ■ 

a tubular support memnber induding a f^t passage; 
an expansion cone <x)upled to the tubular support having a second passage 
30 ■ - fluididy coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular memt>er coupled to an end of the annular expansion 

cone launcher, 
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a shoe coupled to another end of the annular expansion cone launcher having a 

valveable fluid passage; and 
another annular expansion cone movably coupled to the tubular support 

member; 

5 wherein the annular expansion cones are positioned in opposite orientaCons. 

107. The apparatus of claim 106, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically defonn and radially 
1 0 expand a second end of the expandable tubular member. 

1 06. The apparatus of claim 1 06, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

15 

109. A method of plastically defonming and radially expanding a tubular member, 
comprising: 

plastically defonming and radially expanding a first end of the tubular member, 
and 

20 plastically deforming and radially expanding a second end of the tubular 

member. 

110. The method of claim 1 09. further comprising: 

anchoring the tubular menriber during the radial expansion. 

25 

111. The method of daim 1 09. wherein the first end of the tubular member is 
plastically deformed and radially expanded before the second end. 

112. The method of daim 1 09. plastically defonming and radially expanding the 

30 second end of the tubular member comprises injecting, a fiuidic material into the tubular 
member. 

113. A method of coupling a first tubular niember to a second tubular member, . 
comprising: 
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positioning the second tubular member inside the first tubular member in an 

overlapping relationship; 
plastically defomning and radially expanding the end of the second tubular 
member that overlaps with the first tubular member; * 
5 plastically defomiing and radially expanding the remaining portion of the second 

tubular member. 

The method of daim 1 13, further comprising: 

plastically deforming and radially expanding at least a portion of the second 
tubular member. 

115. The method of claim 1 14, wherein the Inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

116. An apparatus for coupling a first tubular member to a second tubular member, 
comprisirig: 

means for positioning the second tubular member inside the first tubular 

rnember in an overlapping relationship; 
means for plastically deforming and radially expanding the end of the second 

tubular men^r that overlaps witti the first tubular member, 
means for plastically defonrting and radially expanding tiie remaining portion of 
the second tubular member. 

The apparatus of claim 1 16, further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
secorKi tubular member. 



1 1 8. The apparatus of daim 1 1 7, wherein the Inside diameters of ttie first and second 
tubular members are sutistantially equal after the radial expansions. 

1 19. An apparatus for forming a wellbore casing within a wellbore, comprisirig: . 

means for supporting a tubular member within tiie wellbore; 
means for plastically deforming and radially expanding a first end of the tubular 
member; and 
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means for plastically deforming and radially expanding a second end of the 
tubular memt)er. 

120. The apparatus of daim 119, further comprising: 

means for anchoring the tubular member during the radial expansion: 

121. The apparatus of daim 119. further cornprising: 
means for injecting a hardenable fluidic sealing material lrito an annulus 

between the tubular member and the wellbore. 

122. An apparatus for forming a wellbore casing within a wellbore, comprising: 

a tubular support member induding a first passage; 
an expansion cone coupled to the tubular support having a second passage 

fluididy coupled to the first passage and an outer conical surface; 
an annular expansion cone launcher mcWably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansion 

cone launcher, 

a shoe coupled to another end of the annular expansion cone launcher having 

valveabte fluid passage; and 
another annular expansion cone movably coupled to the tubular support 

nfiember, 

v\4ierein the annular expansion cones are positioned in opposite orientations. 

123. The apparatus of daim 122. wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically defomi and radially 
expand a second end of the expandable tubular member. 

1 24. The apparatus of daim 1 22. further comprising: 

an anchoring rhember coupled to the tubular support member adapted to hold 
the expandable tubular. 

1 25. A method of fomning a wellbore casing within a wellbore. comprising: 
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plastically deformiag and radially expanding a first end of the tubular oiember; 
and - 

plastically deforming and radially expanding a second end of the tubular 
mernber. 

5 ■ 

126. The method ofdaim 125, further comprising: 
anchoring the tubuter nfiember during the radial expansion. 

1 27. The method of daim 1 25, wherein the first end of the tubular member is 
1 0 plastically defomied and radially expanded before thie second end. 

128. The method of daim 125, plastically defomning and radially expanding the 
second end of the tubular member comprises Injecting a flUdic material into the tubular 
member. 

15 

1 29. The method of daim 1 25, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
tubular member and the wellbore. 

20 1 30. A method of forming a wellbore casing within a wellbore, comprising: 

plastically deforming and radlaHy expanding a first tubular member within the 
wellbore; 

positioning a second tubular member inside the first tubular member in an 
overtapping relationship; 
25 plastically deforming and radially expanding the end of the second tubular 

member that overiaps with the first tubular member; 

: plastically deforming and radtelly expanding the remaining portion of the second 

tubular member. 

30 131, The method ofdaim 130. further comprising: 

plastically defonning and radially expanding at least a portion of the second 
tubular member. 
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1 32. The method of claim 131 . wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

133. The method ofclalm 130, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the first 
tubular member and the weltbore. 

1 34. The method of daim 1 30, further comprising: 

injecting a hardenable fluidic sealing material Into an annulus between the 
second tubular member and the wellt)ore. 

1 35. An apparatus for forming a wellbore casing within a welibore, comprising: 

means for plastically deforming and radially expanding a first tubular member 

within the wellbore; 
means for positioning the second tubular member inside the first tubular 

member in an overiapping relationship; 
means for plastically defonnir\g and radially expanding the end of the second 

tubular member that overlaps with the first tubular member, 
means for plastically defomiing and radially expanding the remaining portion of 

the second tubular memt)er. 

136. The apparatus ofdaim 135. further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
second tubular member. 

1 37. The apparatus of daim 1 36. wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

1 38. The apparatus of daim 1 35, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the first tubular member and the wellbore. 
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' 1 39. The apparatus of daim 1 35, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the second tubular member and the wettbore. 

5 140. An apparatus for bridging an axial gap between opposing pairs of wetlbore casing 
within a wellbpre, oornprising: 

means for supporting a tubular member In overiapping relation to the opposing 

ends of the welll>ore casings; 
means for plastically deforming and radially expanding the tubular member; and 
10 means for plastically defonning and radially expanding the tubular member and 

the opposing ends of the wellbore casings. 

141. A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

1 5 supporting a tubular member in overiapping relation to the opposing ends of the 

wellbore casings; 
plastically deforming and radially expanding the tubular member; and 
plastically deforming and radially expanding the tubular memt>er and the 
opposing ends of the wellbore casings. 

20 

142. A method of forming a structure having desired strength characteristics, 
comprising: 

providing a first tubular member; and 

plastically defonntng and radially expanding additional tubular members onto 
25 the interior surface of the first tubular member until the desired strength 

characteristics are achieved. 



143. A method of fonning a wellbore casing within a wellbore having desired strength 
characteristics, comprising: 
30 plastically defbmiing and radially expanding a first tubular member within the 

wellbore; and 

plastically deforming and radially expanding additional tubular members onto 
the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 
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144. A method of coupling a Tir^t tubular member to a second tubular member, the first 
tubular member having an original outside diameter ODo and an original wall thickness 
to, comprising: 

plastically defomiing and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter, 
. positioning the second tubular member inside the first tubular member in 

overlapping relation to the first por^ of the first tubular member, 
plastically deforming and radially expanding the second tubular member to a 

third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter; 
wherein the inside diameters of the first and second tubular members after the 

plastic defomaations and radial expansions are substantially equal; and 
wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness tb of ttie first tubular member is 

greater than or equal to 16. 

145. A method of fomning a mono-diameter wellbore casing, comprising: 

positioning a first tubular member within a wellbore, the first tubular member 
having an original outside diameter ODo and an original wall thickness 

plastically defomning and radially expanding a first portion of the first tubular 

member to a first outside diameter, 
plastically defonning and radially expanding another portion of the first tubular 

member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular memben 
plastically deforming and radially expanding the second tubular member to a 

third outside diameter, and 
plastically defonning and radially expanding the second tubular member to a 

fourth outside diameter. 
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wherein the inside diameters of the first and second tubular inemt)ers after the 
plastic deformations and radial expansions are substantially equal; and 
wherein the ratio of the original outside diameter OPo of the first tubular 
member Id the original wan thickness to of the fifst tubular member Is 

greater than or equal to 16: 

146. An apparatus, comprising: 

a plastically defonned and radially expanded tubular member, having a first 

portion having a first outside diameter and a remaining portion having a 
second outside diameter, 
wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 

greater than or equal to 16. 

147. An apparatus, comprising: 

a plastically deformed and radially expanded first tubular member having a first 
portkw having a first outside diameter and a remaining portion having a 
second outside diameter; and 
a plastically defonned and radially expanded second tubular member coupled 

to the first portton of the first tubular member; 
wherein the ratio of the original outsWe diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular memtier Is 
greater than or equal to 16. 

148. The apparatus of daim 1.47. wherein the inside diameters of the first and second 
tubular mem»)ers are substantially equal. 



149. A wellbore casing formed In a wellbore. coriiprising: 

a plastically deformed and radially expanded first tubular member having a first 
- portion having a firstoutside diameter and a remaining portfon having a 
second outskle diameter, and 
a plastically defpmied and radially expanded second tubular member coupled 
to the first portion of the first tubular memben 
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wherein the ratio of the originat outside diameter ODq of the first tubular 

memt>er to the original wall thickness to of the first tubular member is 
greater than or equal to 16. 

5 150. The casif^ of claim 149, wherein the inside diameters of the first and second 
tubular members are substantially equal. 

151. An apparatus, comprising: 

a plastically deformed arid radially expanded tubular member; 
10 wherein the ratio of the original outside diameter ODo (rf the tubular member to 

the original wall thickness to of the tut)ular member is greater than or 
equal to 16. 
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